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The Modification of Cellulose by Reaction with 
Formaldehyde* 


I. J. Gruntfest and D. D. Gagliardi 
Physical Chemistry Laboratory of the Rohm and Haas Co., Philadelphia 


Abstract 


Experiments relating to the chemistry of the technologically important cellulose-formalde- 
hyde reaction are described. While for many reasons definitive statements about the reaction 
cannot now be given, certain of its gross features are revealed. 

As the formalization process is usually carried out, the reaction with cellulose is com- 
petitive with the evaporation of the formaldehyde. At low temperatures (to 30°C) no reaction 
takes place. At higher temperatures (150°C) reaction takes place over a wide range of con- 
ditions of acidity. The product formed at high acidity is stable to hydrolysis and is charac- 
terized by reduced swelling, increased elastic modulus, and resistance to creep. At lower 
acidities and under alkaline conditions. the properties of the product are much more like those 
of the starting material and the formaldehyde is easily removed by washing in neutral aqueous 


solutions. 

The combining weight of formaldehyde with celiulose varies, among other things, with the 
concentration of the formaldehyde applied. The lower the concentration the more nearly the 
combining weight approaches 12, which corresponds to the formation of simple methylene ethers 
with the cellulose. At higher concentrations, the combining weight increases toward a value of 
30, indicating the formation of polyoxymethylene ether linkages. 


I. Introduction dustry for the application of formaldehyde and form- 
rY ie : aldehyde compounds for the improvement of fabrics 
The purpose oe this REPORT 18 00 describe and dis- made of regenerated cellulose fibers. Such processes 

cuss some experiments relating to the chemistry of are now being conducted on a large scale in this 
the formaldehyde-cellulose reaction. The conditions country. During the war years, the Germans:-were 
under which these studies have been made simulate forced by acute shortages to replace cotton and wool 
those which have been found useful in the textile in- for many uses with regenerated cellulose which had 
ES <r been thus modified. 
*Part of the material in this paper was presented at the “ ae i 
Compositions of formaldehyde and urea are much 


Gordon Research Conference on Textiles at Colby Junior j 5 z : 
College, New London, New Hampshire, July 22, 1948. more widely used in the industry than formaldehyde 
643 
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would be expected that reactions of types (1), (3), 
and (6) would take place under alkaline or neutral 
conditions, whereas types (2) and (4) would occur 
under acidic conditions. It is very likely also that 
products of the various types would be distinguished 
from one another by their relative ease of decomposi- 
tion under chemical or thermal treatment. More- 
over, experience with other polymers suggests that 
cross-linked products may differ from non-cross- 
linked ones with respect to their mechanical proper- 
ties, their solubility, and their swelling behavior in 
liquids. 

Although the experiments described below are 
concerned mainly with studies of material balance and 
formal analyses, some data are also presented to show 
the changes produced by formalization on the mech- 
anical properties, swelling behavior, and solubility of 
cellulose. 


III. Discussion of Method 


The direct gravimetric method used in this study 
has not been heretofore described and, in view of its 
general usefulness, details will be given. Samples 
(about 6 inches square) of either viscose rayon or 
kier-boiled and bleached cotton fabrics were weighed 
at 110°C, after 1 hour of conditioning in a special 
oven.* This weight represents the dry weight of the 
cellulose sample. Ii the samples are frayed about 34 
inch from each edge or are carefully hemmed, they 
can be easily handled without appreciable loss of ma- 
terial. After weighing at 110°C, the samples were 
treated with the appropriate solutions and the excess 
liquor was removed by squeezing the samples between 
rollers. By proper adjustment of the pressure on the 
rollers, the samples were made to pick up 100 percent 
of their weight of solution. The reaction between 
the cellulose and the formaldehyde solution picked 
up was allowed to take place in a curing chamber un- 
der controlled conditions. 
were reweighed at 110°C. 
in the various tables which follow, consisted of boiling 
the treated samples for 20 minutes in a buffer solu- 
tion, prescribed by McIlvaine [5], to give a pH of 7 
After rinsing with distilled 


After curing, the samples 
The washes, indicated 


at room temperature. 
water, the samples were again weighed at 110°C. 
The increase in weight of the cellulose sample after 
reaction is hereafter referred to as the “weight-gain.” 

The sensitivity of cellulose to thermal degradation 


Precision Scientific Instrument 


_* Manufactured 
Company, 


by the 
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under acid conditions places a constraint on the sever- 
ity of the treatment that may be used, and requires 
that controls be run with each set of experiments. 

The magnitude of the losses suffered by the cellu- 
lose fabric samples is largely dependent on the acid- 
ity of the fabric during the heat treatment. Very 
strong acid catalysts produce considerable loss in 
weight. Table I shows the effect on the fabrics of 
hydrochloric acid solutions of various strengths. 
Here, the samples were treated with the various solu- 
tions according to the weight-gain procedure de- 
scribed above. After curing for 10 minutes at 150°C, 
they were weighed at 110°C, boiled in the buffer solu- 
tion, and again weighed. 

Thus, it may be seen that, under very mild acid 
conditions, the weight losses are for many purposes 
As the acid strength is increased there is 
The fact 


negligible. 
an appreciable loss in weight upon heating. 
that the mechanical and swelling properties of the cel- 
lulose are also changed by these treatments suggests 
that the loss in weight during the cure is due to inter- 
involves the loss of 
The large 


molecular condensation which 
water and the formation of cross-links. 
weight losses found after washing these samples in 
boiling buffer solutions indicate that some of the cel- 
lulose is solubilized by the acid and the heat treat- 
ment. It was found that the loss in weight could be 
accounted for by an organic residue in the wash solu- 
tion. 


IV. Material Balance Studies 
A. Study of Cotton and Rayon Formalization 


The first question which was considered in this 
study was the material balance in the reaction. 
these determinations, solutions containing differing 
amounts of formaldehyde and 1-percent NH,C1 as 
catalyst were applied to rayon and cotton fabrics, 


i De 


which were weighed before and after the reaction ac- 


TABLE I. GRAVIMETRIC STUDIES OF THE EFFECT OF 
HypROCHLORIC ACID ON A SPUN VISCOSE RAYON 
FABRIC—CURED AT 150°C For 10 MINUTES 








I lydrochloric acid 
solutions 
(% HCl) 


Total weight loss 
after buffer 
washes (%) 

0.05 
0.16 
9.99 
15.42 
17.34 
16.43 
16.34 


Weight loss of 
samples after 
curing (“%) 
0.00 0.03 
0.01 0.06 
0.05 0.31 
0.10 0.68 
0.20 1.34 
0.50 2.53 
1.00 3.72 
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alone. ‘This is suspected to be largely due to difficul- 
ties of process control when tormaldehyde is used 
alone. The present studies are relevant to the un- 
derstanding of the mechanism of both types of treat- 
ments. 

The effects produced by these treatments include 
improvement in wet strength, launderability, dimen- 
sional stability, and wrinkle resistance, as well as 
reduction of the water absorption of the fabrics. The 
details of the mechanism by which these changes are 
brought about have not yet been completely clarified, 
but some discussions are available in the literature 
[2, 3, 11]. This will not be elaborated further here, 
since many nonchemical considerations are involved. 

From the chemical point of view, Schaeffer [9] 
has recently critically examined the experiments re- 
lating to the formaldehyde-cellulose reaction which 
have been described in the literature to date. For 
the most part, there is agreement that cross-linking of 
the cellulose chains is involved. The chemical nature 
of the cross-link is not altogether clearly shown by 
sarlier work. This question is given particular at- 
tention here. The contributions of Wood [12] and of 
Schenk [10] might be particularly noted. 

The formalization reaction is considered below, 
under a variety of conditions of drying, catalysis, and 
formaldehyde concentration. It is shown that the 
reaction is competitive with the volatilization of the 
formaldehyde, and that under some conditions it does 
not take place at all. In connection with catalysis, it 
appears that two different types of products can be 
formed (depending on the acidity) which differ with 
respect to their mechanical properties and stability to- 
ward hydrolysis. The nature of the products is also 
found to depend on the formaldehyde concentration 
used. At low concentrations with acid catalyst, the 
formaldehyde displays a combining weight of about 
12. The combining weight increases when more form- 
aldehyde is available for reaction with the cellulose. 
Schaeffer had excluded the possibility of the forma- 
tion of simple methylene ethers (combining weight 
of 12) on the basis of evidence which appears less 
compelling than that given here. 

While it is still impossible to give a definitive de- 
scription of the reaction of formaldehyde with cellu- 
lose, these experiments do reveal some of its gross 
features and may be useful in further work. 


II. General Considerations of the Reaction 


There are certain inherent difficulties in the study 


of the formalization reaction. For example, the ele- 
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mentary compositions of the reactants and of some oj 
the assumed reaction products are identical. More- 
over, cellulose is a hydroscopic material, and differ- 
ent samples vary widely in this respect. Forma!de- 
hyde is a volatile substance and has a low combining 
weight. Also, the formal linkages in the product are 
chemically similar to the acetal linkages in the origi- 
nal cellulose. The conditions under which the re- 
action takes place are closely related to those under 
which cellulose itself can be destroyed. Finally, the 
cellulose-formaldehyde reaction may be easily re- 
versible. 

On the basis of studies of formaldehyde and its re- 
action with simpler compounds, one is led to regard 
as possible the following reactions with cellulose 


(ZOH): 


(1) ZOH + CH.0 — ZOCH.OH 
(2) 2ZOH + CH:0 — ZOCH:20Z + H.O 
(3) ZOH + n(CH.O) — ZO(CH:20),,H 
(4) 2ZOH + n(CH.O) — ZO(CH.2O),Z + HO 
(5) Ring closure by reaction of formaldehyde 
with two hydroxyl groups of the same an- 
hydro glucose unit: 
CHOH ‘CHO. 
| + CH.O > | “CH: + H.0 
CHOH CHO 
i ra 
(6) Deposition of a formaldehyde polymer in or 
on the fibers. 
(7) If technical formaldehyde (containing meth- 


anol) is used, the terminal methylol group 
formed in reactions (1), (3), and (6) might 
be etherified. This possibility is excluded 
in all our work, since methanol-free formal- 
dehyde was used. 


The disposition of the atoms in the glucopyranose 
structure allows the formation of only highly strained 
and complex rings [7] by reaction (5). While this 
reaction cannot be rigorously excluded, it is not likely 
to be of much importance. The question of whether 
reactions of the type of (2) or (4) take place or 
whether (1), (3), or (6) occur can, in principle, be 
determined by combining the results of material bal- 
ance studies with those of formaldehyde analyses. 
In practice, however, it is difficult to differentiate be- 
tween reactions (3) and (4) for high values of 1. 
On the basis of other chemical considerations. tt 
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TABLE VII. ComMBiniInGc WEIGHT OF FORMALDEHYDE 
WitH CELLULOSE, BASED ON WEIGHT-GAIN 
AND FORMAL ANALYSES DATA 





Amount 
of CH.O Weight- 
applied gain* 
(%) (%) 
20 6.77 
20 6.71 
10 3.33 4.71 21.1 
10 3.24 ~-- 
5 1.42 2.48 
1.36 —- 
0.45 1.18 10.5 
0.35 


Computed 
combining 
weight 


25.4 


Formal 
analysis 


(% CH,0) 
8.00 


16.9 





* Corrected for 0.3°¢ loss when no CH:O is applied (Table I). 


Influence of Curing Conditions 


The dependence of the amount of formaldehyde 
hound to the cellulose on the curing conditions was 
examined by applying a 20% formaldehyde solution 
toa viscose rayon fabric and curing for various pe- 
riods of time at 150°C. One-percent NH,Cl (based 
on solution) was used as a catalyst. The results of 
this experiment are shown in Table IV. 

Evidently, at least part of the bound formaldehyde 
isin such a state that it can be lost by severe thermal 
treatment. The fabric treated with NH,Cl alone does 
not lose weight when given the 60-minute treatment 
at 150°C, 


D. Influence of Catalytic Conditions 


In the curing oven the reaction of formaldehyde 
with cellulose takes place under rather poorly de- 
fined conditions of temperature, concentration, and 
pH. The exact acidity or alkalinity at which the re- 
action takes place is therefore unknown. Some con- 
trol can be obtained by using different amounts of 
HCl as catalyst and also by using other acids of 
Table V 


formaldehyde-treated 


widely different strengths. shows the de- 
pendence of weight-gain of 
rayon on the amount of HCI used. 

Table VI gives the results on the weighit-gains as 
a function of the acid strength of the catalyst used. 

Although the weight-gain after cure varies with the 
catalytic conditions, the most. striking effects are 
shown by an examination of the weight-gain after a 
thorough wash with boiling buffer solution. Tables 
V and VI show that there is a substantial change in 
the nature of the product of the cellulose-formalde- 
hyde reaction as the acidity of the catalyst is increased. 
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It is likely that the products formed under alkaline 
or weakly acid conditions are of the types given by 
reactions (1), (3), and (6) discussed above. Under 
strongly acid conditions, reactions of types (2) and 
(4) probably take place. The laiter types of prod- 
ucts are more stable and were found to resist hy- 
drolysis in acid except when the sample itself was 


destroyed. 


V. Formal Analyses 


In reactions of types (1), (3), and (6) the combin- 
ing weight of formaldehyde is equal to its molecu- 
In reaction (2), the combin- 
ing weight is only 12. In reaction (4) the combin- 
ing weight of formaldehyde depends on the value of 
n, which is 21, 24, and 25.5 for n = 2, 3, and 4, 
The actual combining weight of the 


lar weight—that is, 30. 


respectively. 
formaldehyde can be computed from the number of 
moles of formaldehyde present in the reacted cellu- 
lose and the corresponding increase in the weight of 
the sample. 

The formal content of the formaldehyde-treated 
viscose rayon fabrics was determined by destructive 
distillation in 20% H,SO,. The was 
trapped in a sodium bisulfite solution, and the bisul- 
fite combined with formaldehyde was titrated with 
iodine in hot (60°C) sodium bicarbonate solution, 
after the excess had been titrated on the acid side. 

In connection with the formal analyses, experi- 
ments were conducted applying various amounts of 
formaldehyde to the rayon fabric, using 0.05% HCl 
as a catalyst. The results of both weight-gain and 
the formal content of the samples are given in Table 
VIL. 

Although the experiment is not perfect, showing a 
combining weight for formaldehyde of less than 12, 
it does appear likely that the combining weight is actu- 
ally less than 21 for low concentrations of formalde- 
hyde in the cellulose. Schaeffer’s arguments against 
the formation of simple methylene ethers are based 
on the fact that acetaldehyde does not react with cel- 
lulose and that the formalization product has dye- 
ing properties similar to those of polyoxymethylene. 
Neither of these arguments appears to be as direct as 
the data in Table VII, which support the formation 
of such linkages, especially at low formaldehyde con- 
The formal and weight-gain data also 


distillate 


centration. 
seem to indicate that the combining weight of form- 
aldehyde varies with its concentration in cellulose. 
The lower the amount of formaldehyde apphed the 
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TABLE II. Wercur Gain or Fasrics TREATED WITH 
FORMALDEHYDE SOLUTION—CURED AT 
150°C For 10 MINUTES 


i alate 
applied ([) 








Material 
used 





Weight-gain 
after cure (%) 






Viscose rayon 0 0.57 
2 0.48 

5 1.43 

10 2.19 

15 3.98 

20 5.85 

Cotton 0 0.30 
2 0.14 

5 0.59 

10 1.20 

15 2.29 





20 3.05 














TABLE III. Errectr or DryING CONDITIONS ON THE 
WEIGHT GAIN OF A RAYON FABRIC TREATED WITH 
20% CHsO So_utTions AND DIFFERENT CATA- 
Lysts—Cwrep At 150°C ror 10 MinuTES 








Weight-gain 


Catalyst Drying conditions after cure (%) 





1% AICls 156°C 7.90 
1% AICIs 16 hr. at room temperature 0.02 
0.03% HCl 150°C 5.38 
0.03% HCl 16 hr. at room temperature —0.69 


TABLE IV. DEPENDENCE OF WEIGHT-GAIN OF 
FORMALDEHYDE-TREATED RAYON ON 
THE TIME OF CURE AT 150°C 





Curing time (min.) Weight-gain (“) 


10 7.52 
30 3.92 


60 2.69 


cording to the weight-gain method described. Table 
II shows the results obtained. The rayon is seen to 
react more easily with the formaldehyde than the cot- 
ton does. This appears reasonable since, during the 
cure, the evaporation of the formaldehyde is competi- 
tive with the reaction, and the greater accessibility of 
the reaction sites in rayon favors the retention of the 
material. It may also be noted that the weight-gain 
after cure is greater with NH,Cl alone than with 
NH,Cland 2% CH,O. This may be due to the effect 
of pH changes brought about by the reaction of the 
formaldehyde with the salt or by the formation of vol- 


atile formaldehyde-ammonia reaction products. 


B. Influence of Drying Conditions 


From the point of view both of developing reproduc- 
ible applications and of understanding the chemistry 








TABLE V. DEPENDENCE OF WEIGHT-GAIN OF For 
MALDEHYDE- [TREATED RAYON ON THE AMOUNT 
oF HCI Usep as A Catatyst (20% CHO 
Usep IN ALL TREATMENTS) 





Weight-gain after 
buffer wash (‘;) 


Weight-gain after 
cure (°¢) 


HCI used (°¢) 


0.003 7.56 —0.38 
0.003 7.00 —0.40 
0.010 6.56 —0.31 
0.010 5.90 —0.30 
0.030 5.36 —0.91 
0.030 5.40 — 2.00 
0.050 7.30 +5.30 
0.050 7.10 +5.10 
0.100 6.15 +3.82 
0.100 7.75 +5.20 


TABLE VI. DEPENDENCE OF WEIGHT-GAIN OF FORM- 
ALDEHYDE-TREATED RAYON ON THE ACID 
STRENGTH OF THE CataALyst USED 
20°, CHO, 1°¢ CATALYST 





Weight-gain 


Acid strength Weight-gain after buffer 














at 25°C [6_ after cure wash 
Catalyst K (“c) (“) 

None — 6.50 —0).53 
None 6.25 —0.53 
NaHCO; 6.0 K 107" 11.20 —0.41 
NaHCO; 6.0 K 107! 10.40 —0.61 
Lactic acid 1.4 x 10° 8.80 —0.24 
Lactic acid 1.4 xX 107 8.90 —0.30 
Formic acid 2.1 X 1074 5.70 —().64 
Citric acid 8.0 x 1074 8.25 +0.22 
Citric acid 8.0 K 107 7.90 +0.31 
Fumaric acid 1.0 x 1078 8.26 —0.09 
Fumaric acid 1.0 x 10 8.45 —0.11 
Phosphoric acid £1 x10 8.50 +4.70 
Phosphoric acid tl 19-2 9.40 +4.10 
NaHSoO; 2.0 x 10°? 7.80 +3.30 
NaHSO, 2.0 X 10° 7.90 +3.20 
Oxalic acid 3.8 X 10°? 9.85 + 3.60 
Oxalic acid 3.8 X 10° 9.20 +3.90 
NH,Cl 6.80 +5.00 

7.40 +2.70 





AICI; (0.54 ¢) 






of the reaction, the question of the effect of condi- 
tions under which the fabric is dried before curing 
was examined. Table III shows weight-gain results 
using staple viscose rayon fabric, two different cata- 
lysts, and two widely different drying conditions. 
These data show that at low temperatures the forn- 
aldehyde can evaporate without reacting with the cel- 
lulose. The weight loss shown by the acid-treated 
sample is probably due to dehydration of the cellulose, 
as previously explained. From this it is clear that the 
handling of the material between the time of applica- 
tion of the solution and the time of curing must be 
carefully controlled so as to obtain uniform treatment. 
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TABLE VIII. DECREASE IN THE WATER IMBIBITION 
(SWELLING) OF CELLULOSE TREATED WITH 
FORMALDEHYDE UNDER ACID 
CONDITIONS 





‘Treatment “% swelling 


None 108 
% CHsO + 4% NH,Cl* 48 
3% CH20 + 4% NH,Cl 18 
5% CH,0 + 4% NHzCl 8 
NH.Cl 6 


10% CHO + 4% 








* Based on CH.O concentration. 


more nearly the combining weight approaches a value 
of 12, which corresponds to that in simple methylene 
ethers: 





Water imbibition or 
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TABLE IX. CHANGES IN MECHANICAL PROPERTIES 0 4 
150/40 FILAMENT VISCOSE RAYON YARN TREATED 
WITH FORMALDEHYDE IN THE PRESENCE 

OF AN Acip CATALYST 
(0.590 NH,Cl) 





Elastic 

Elonga- Load at recovery 

Tensile tion at 2% elon- (2% elas- 

strength break gation ticity) 

Treatment* (g./den.) (%) (g./den.) (%) 
None 2.29 14.7 1.02 20 
1% CHO 2.03 9.2 1.05 30) 
2% CH:0 2.00 6.0 1.13 55 
3% CHO 2.09 44 1.50 75 
5% CH2O 2.16 3.5 Loe 83 
2520 2.4 2.03 95 


10% CH:0 





* Samples cured for 5 minutes at 120°C. 





















7020 0-2. 


At high concentrations of formaldehyde, the cellulose 
reaction product may be 


Z—O(CH,O) .—Z. 


However, the weight gain and formal analysis data 
do not, by themselves, exclude the possibility that 
ZO(CH.O),H or polyoxymethylene has been formed. 


VI. Formalization and Physical Properties 


Some further arguments which can be presented 
for the formation of cross-linkages between cellulose 
chains by formaldehyde are the pronounced changes 
which are produced in the physical properties of the 
cellulose. One of these changes is the decrease in 
the water imbibition or swelling of the cellulose due 
to treatment with formaldehyde under acid conditions. 
In order to study this particular property, several 
discs (2.0-inch diameter) of regenerated cellulose 
(cellophane, unplasticized) were treated with increas- 
ing amounts of formaldehyde and cured for 10 min- 
utes at 150°C. The water imbibition was determined 
by soaking the treated and weighed discs for 30 min- 
utes in water at 25°C, blotting, and then reweighing 
in ground-glass stoppered weighing bottles. The 
amount of water imbibed was calculated on the basis 
of the dry weight of the specimen and represents the 
degree of swelling. This method of measuring the 
swelling of cellulose in water is based on a procedure 
described by Neale [8]. 

The data in Table VIII show that the decrease in 
the swelling of the cellulose as a result of formaliza- 
Moreover, the formalized cel- 


tion is considerable. 





lophane sheet and fibers of cotton and rayon which 
have been treated have a marked immunity against 
dyeing with direct dyes. A plausible reason for this 
is the fact that the dislocations of the cellulose chains 
required for the entrance of dye molecules are in- 
hibited. 

“second important characteristic of cellulose 
treated with formaldehyde is its resistance to normal 
solubilizing agents. Thus, whereas untreated cellulose, 
both native or regenerated, completely dissolves in 
cuprammonium hydroxide and in selected quaternary 
ammonium hydroxides, the cellulose-formaldehyde 
products do not. For instance, some formaldehyde- 
treated fabrics can be immersed in 2V TRITON F 
(dimethyl dibenzyl ammonium hydroxide) and even 
after several weeks they show no swelling or degrada- 
tion of the fiber structure. This modification, how- 
ever, is observed only for those products prepared 
under acidic conditions. 


Effect of Treatment on Mechanical 
Properties 


VII. 


The mechanical properties of cellulose are also 
modified by chemical treatment with formaldehyde 
under acidic conditions. Table IX shows the changes 
produced in the stress-strain properties of viscose 
rayon filaments by formaldehyde treatments. The 
most significant changes produced are in the elastic 
recovery and the stiffness of the fibers. 

The increase in the fiber stiffness and elastic re- 
covery is responsible for the improvement of the 
wrinkle resistance of fabrics treated with formalde- 
hyde [3]. The changes produced by formaldehyde 
in other fabric properties are shown in Table %. 
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Shrinkage [1] resistance [3] 


Fabric Treatment* (%) 
Viscose rayon None 13.9 
Viscose rayon 2% CH20 4.2 
Viscose rayon 5% CH:O 1.7 
Viscose rayon 10% CH»O ie 
Cotton sheeting None 2.8 
Cotton sheeting 2% CH20 0.6 
Cotton sheeting 5% CH20 0.3 
Cotton sheeting 10°, CH,0 0.3 





TABLE X. CHANGES IN FABRIC PROPERTIES PRODUCED BY FORMALDEHYDE TREATMENTS IN PRESENCE OF (CID 
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Tear 


Wrinkle Tensile Elongation 
strength at break strengtht 

(°% recovery) (Ib./in.) (%) (Ib.) 
52 52 20.2 7.0 
55 41 13.3 4.6 
79 3 8.4 a 
91 2a 4.3 1 Y 
51 54 ¢ 3.0 
79 15 0.7 
87 14 0.6 
87 12 0.5 


* 1% NH,CI used as catalyst for the reaction. Samples cured 10 minutes at 150°C, 


+ Trapezoid tear test. 
t Too small to measure accurately. 


It is noted that substantial improvement is obtained 
both in shrinkproofness and wrinkle-resistance of 
the cotton and rayon fabrics. This improvement in- 
creases with increasing formaldehyde concentration 
or with an increase in the amount of catalyst used. 
With 
resistance there is an accompanying reduction in the 
tensile strength, the elongation, and the tear strength 
of the treated fabrics. This interrelation of fiber and 
fabric properties of chemically modified celluloses has 


ach improvement in shrink- and wrinkle- 


heen discussed elsewhere |3, 4]. 

Under mildly acid and alkaline conditions of cure, 
when the combined formaldehyde is easily removed 
by the buffer wash (Tables V and VI), the effect 
on mechanical and swelling properties is insignificant. 


VIII. Summary 


1. The reaction of formaldehyde with cellulose un- 
der the conditions of formalization is competitive with 
the evaporation of the formaldehyde. At low temper- 
atures, the formaldehyde does not react with cellulose. 

2. Under strongly acid conditions, stable formali- 
zation products can be formed from cellulose and 
formaldehyde. Under mildly acid or alkaline condi- 
tions, however, the cellulose-formaldehyde products 
are unstable and, on washing in a buffer solution, cel- 
lulose is recovered which has the same properties as 
the original material. 

3. The combining weight of formaldehyde with cel- 
lulose varies, among other things, with the concentra- 
tion of the formaldehyde solution applied. The lower 
the concentration the more nearly the combining 
weight approaches 12, which corresponds to the form- 
ation of simple methylene ethers with the cellulose. 

4. The reaction of formaldehyde with cellulose un- 


der acidic conditions greatly reduces the water 1m- 
hibition or swelling of the cellulose. Moreover, the 
products are no longer soluble in alkaline cellulose 
solvents such as TRITON F. 
loses are also resistant to direct dyeing. 


These modified cellu- 
5. The treatment of cellulose fibers and fabrics 
with formaldehyde under strongly acid conditions 
produces marked changes in their physical and me- 
chanical properties. Such treatments increase the 
elastic recovery and the stiffness (Young’s Modulus) 
of the fibers. They also reduce the shrinkage and 
increase the wrinkle resistance of fabrics. 

6. When the reaction takes place under mild acid 
or alkaline conditions, the mechanical properties of 
the fibers or fabrics are substantially unaffected by 
the formaldehyde. 


Acknowledgment 


We are grateful to Dr. H. B. Walker and Dr. O. 
3. Hager, formerly of this laboratory, for their en- 
couragement in this work. 


Literature Cited 


lL: AACT.€.C. “Year Book of the-A:A:T:.€:€.;” Wok 
23, 1946, p. 229. 

2. Collins, G. E., J. Text. Inst. 30, 46-61 (1939). 

3. Gruntfest, I. J., and Gagliardi, D. D.. Jind. Eng. 
Chem. (in press). 

4. Hager, O. B., Gagliardi, D. D.. and Walker, H. B., 
TEXTILE RESEARCH JOURNAL 17, 376-81 (1947). 

5. “Handbook of Chemistry and Physics,” 23rd Ed., 
Cleveland, O., Chemical Rubber Publishing Co., 
1939, p. 1022. 

6. “Handbook of Chemistry and Physics,” 23rd Ed., 
Cleveland, O., Chemical Rubber Publishing Co., 
1939, p. 1036. 














650 





7. Heuser, E., “The Chemistry of Cellulose,” 
York, John Wiley & Sons, 1944, p. 420. 
8. Neale, S. M., J. Te.rt. Inst. 20, 373-400T (1929). 


9. Schaeffer, A., Zellwolle, Kunstseide, Scide 48, 1-8 


(1943). 


New 





I: Literature Review* 


Stanley Backer t+ 


Abstract 


This is the first in a series of papers to be issued by the Quartermaster Corps discussing 





TEXTILE RESEARCH JOURNAL 





10. Schenk, M., Helv. Chim. Acta 14, 520-41 (1931); 


15, 1088-102 (1932). 
11. Shapiro, L., Rayon Text. Mo. 27, 17-80 (1936). 


12. Wood, F. C., J. Soc. Chem. Ind. (London) 50, 411- 


418T (1931). 
(Manuscript received August 24, 1948.) 


The Relationship Between the Structural Geometry 
of a Textile Fabric and Its Physical Properties 


the importance of fabric geometry in the development of more utilitarian and serviceable textile 


materials. 


It is a literature review which shows the relationship between the structural char- 


acteristics of fabrics and various functional characteristics, such as breaking strength and 


Introduction 


The production of textile fabrics to meet the re- 
quirements of industrial, household, and apparel uses 
is a threefold problem involving : 


1. Selection and cultivation or manufacture of a 
base fiber possessing the properties desired in the 
end product. 

2. Construction of materials which 
characteristics of the fibers used through the medium 
of the form or geometry of the yarn and fabric. 

3. Modification of the intrinsic fiber properties or 
the structural geometry of the textile by chemical 
treatments. 


* Part of Massachusetts Institute of Technology thesis 
of same title, prepared in February, 1948, under direction of 
Prof. E. R. Schwarz. 

+ Chief, Textile Materials Engineering Laboratory, Phila- 
delphia Quartermaster Depot. 


enhance the 





elongation, tear-resistance, thermal insulation, abrasion-resistance, and gas permeability. 





The first and last of these phases have had the 
benefit of the concentrated efforts of textile research 
engineers, physicists, and chemists for many years 
and the results are evident in the existence of such 
widely used man-made fibers as viscose rayon, nylon, 
and acetate rayon, and such well-known finishing ef- 
fects as shrink-resistance, dye-fastness, water-repel- 
lancy, and crease-resistance. 

The second phase, which embodies the building oi 
fabric structures to enhance available fiber character- 
istics or to create entirely new properties in the 
finished item, has been the subject of practical mill 
experimentation since the days of the hand weavers. 
However, there is little evidence in the early litera- 
ture of systematic engineering research directed to- 
ward improvement of the forms or geometric config- 
urations of yarns and cloths until about 1930. Since 
then, increasing interest has been shown in the struc- 
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tural engineering involved in textile fabrication, with 
several papers reporting on modifications of fabric 
properties with systematic variations in the form 
factors [10, 31-33]. Peirce [26] at the Shirley In- 
stitute generalized the changes in yarn and fabric 
form, on the basis of geometric similarity, and thus 
was the first to establish the fundamental principles 
of textile structures. 

The geometry of a textile fabric is determined by 
the mechanical processing to which the material is 
subjected from fiber state to finished cloth. Among 
such processes are carding, combing, spinning, weav- 
ing, milling, shearing, and napping. The practical 
geometry of the cloth is described by form factors 
which are in common use throughout the textile in- 
dustry. These include: (1) yarn count, (2) yarn 
twist, (3) threads per inch, (4) weave, and (5) 
crimp. 

Since each of the factors listed, with the exception 
of weave, may be varied in either warp or filling di- 
rections, the problem of predicting the mechanical be- 
havior of fabric structures becomes one involving up 
to nine variables, some of which are independent, 
while others are related either throughout their 
ranges or merely at their limits. 

The large number of characteristic “textile” prop- 
erties mentioned in the recent literature arise from 
the two fundamental fabric elements, fiber and air. 
Many of the properties of textiles which govern their 
conformance to technical specifications are dependent 
for the most part on the yarn network; these include 
breaking strength, thickness, and weight. Strange 
as it may seem, an equally large group of fabric qual- 
ities are more dependent upon the pore structure 
than upon the yarn network; these include resistance 
to flow of liquids, gases, and light. .\ third set of 
attributes relies to a considerable degree upon an 
interchange in yarn and interstice geometry, and it is 
here that the textile differs from most other fabri- 
cated items ; these include tear-resistance, fabric drape, 
and sewability. 


Breaking Strength and Elongation 


The breaking strength of a textile fabric is en- 
hanced by increase in the strength of its component 
yarns and in the number of such yarns gripped be- 
tween the jaws of the testing machine. Essam | 10] 
extends the elementary relationship stated above, in 
a siudy of four weaves constructed with four degrees 
of openness and with yarns of four twist multiples. 
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He concludes that weave structure is a controlling 
factor in the determination of crimp, which in turn 
influences the extensibility of the fabric in a given di- 
rection. The degree of yarn twist affects the fabric 
elongation, for when tightly twisted yarns are woven 
in a close texture there is an apparent loss of ex- 
tensibility. Single yarns are also tested for breaking 
strength, and multiple strengths for cach system of 
fabric yarns (unwoven) are computed. ‘These data 
are compared with the actual fabric strength values 
and the differences are attributed to the type of weave, 
the texture, and the yarn twist. 

Schiefer ct al. [31] discuss the effect of warp and 
filling twist on breaking strength, elongation, and 
fabric assistance for plain weaves and 2/2 basket 
They observe no consistent differences in 





weaves. 
fabric properties as a result of change in yarn-twist 
direction; however, as yarn twist multipliers are 
increased the corresponding directional breaking 
strengths of the fabrics increase to a maximum point, 
then decrease with very high twist multipliers in a 
manner simliar to the behavior of single yarns. Peak 
fabric strengths occur at twist multipliers of 4 to 4.75 
in warp and filling. The investigators define fabric 
assistance as the difference between the strengths of 
skein yarns and the same yarns woven into a cloth 
structure, expressed as a percentage of skein yarn 
strength. It is shown that fabric assistance decreases 
in general with an increase in twist multipliers until 
a minimum is reached, whereupon further increases 
in twist multipliers are accompanied by greater fabric 
assistance. The maximum and minimum points of 
these two curves (fabric strengths vs. twist multi- 
pliers and fabric assistance vs. twist multipliers) oc- 
cur at the same twist multiplier. Greater fabric as- 
sistance in the plain, as compared to the basket 
weave, is attributed to the greater number of yarn 
interlacings in the plain weave. It is noted that the 
elongations of the cloth exceed those of the yarns and 
this effect is attributed to crimp; it follows that the 
plain weave has greater extensibility than the basket 
weave. Cloth elongations increase with higher twist 
multiples. 

In a later study Schiefer, Taft, and Porter [32] 
vary the number of warp and filling yarns per inch 
and evaluate the effect on mechanical properties of the 
With increased texture, higher crimps oc- 
Again the 


fabric. 
cur, resulting in greater extensibility. 
plain weave shows greater elongation than the basket 


weave. The investigators find that increased fabric 
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assistance occurs with denser weaves until a maxi- 
mum is reached. In some fabrics, particularly the 
plain weave, the assistance falls off with further in- 
creases in texture. In general, the plain weave furn- 
ishes the greatest fabric assistance, which confirms 
the findings of Essam. Ina second series of fabrics, 
increases in filling twist are accompanied by little 
or no change in warp elongation, but marked in- 
creases in filling elongation are observed. The warp 
breaking strength is unaffected but the filling strength 
varies in a manner similar to the strengths of single 
yarns of varying twist multipliers. 

Morton and Williamson [24] examine the influ- 
ence of varying warp tensions on the mechanical 
properties of plain weaves varying in cover factor 
from 13.2? to 16.2". 
rise to slight change in filling crimp for the fabrics 


Varying warp tensions gives 
_under study, but warp crimp is significantly affected 
in the fabrics of 14-x-14 cover and over. (The 
13—x-13 cover fabric is predominantly filling-crimped 
and, therefore, the change in warp crimp is small.) 
As a result of increased weaving tensions, warpwise 
fabric elongation is considerably reduced. It is 
pointed out that breaking extension depends pri- 
marily on crimp in the longitudinal threads and on 
their extension properties. Cloth strength is affected 
by the degree of binding of the cross threads, which 
contributes to 
The de- 


aids interfiber frictional forces and 
the restriction of the region of breakdown. 
gree of binding is dependent on the density of the 
weave. In 14-x-14 cover factor and 


higher, positive fabric assistance is observed. As 


weaves of 


tensions during weaving are increased the resultant 
fabrics (with the exception of the 13.2—x—13.2 cover ) 
undergo an increase in breaking strength. 

Peirce |26, 27] comments on crimp distribution as 
a factor of prime importance in determining fabric 
strength and elongation. The straightening of longi- 
tudinal threads during the test applies compressive 
forces at the points of contact with the cross yarns. 
If the cross yarns jam before crimp exchange is com- 


plete, reduction in fabric strength and extensibility 
Peirce’s formulas are extended by Wo- 
mersley |36], who takes into consideration the geom- 
etry of fabric structure to predict the stress-strain 
relationship of cloth. General equations are furnished 


will result. 


to describe the position equilibrium of a cloth sub- 
ject to tension at its edges and hydrostatic pressure 


normal to its surface. 


TEXTILE RESEARCH JOURNAL 


Certain of the principles outlined above are used io 
advantage by Hotte [18] to predict the breaking 
strength and elongation of combination fabrics such 
as those used in balloons. Hotte varies warp crimps 
by systematically increasing filling textures. He 
then measures breaking strengths and extensions of 
individual fabrics, which are later to be layered in a 
balloon combination. In subsequent fabric examina- 
tions the breaking extension of the least extensible 
component fabric is taken to be the ultimate elonga- 
tion of the combination. From the individual stress- 
strain curves the resistance of each component ma- 
terial to this extension is determined. 

Hotte shows the close correlation which exists be- 
tween the sum of the loads thus borne by the indi- 
vidual fabric components and the total breaking load 


of the balloon combination. 


Tear-Resistance 


Tearing of fabrics in service is usually preceded by 
fortuitous snagging which is difficult to reproduce in 
the laboratory. Laboratory tear tests in common use 
today are the trapezoid, tongue, and Elmendorf meth- 
ods [2]. The geometric factors influencing § tear- 
resistance of textile fabrics, when measured according 
to these standard methods, are studied empirically by 
Schiefer, Cleveland, Porter, and Miller [31]. As in 
the case with air permeability, they conclude that a 
fabric which is closely woven, firm, and has a large 
number of thread interlacings per unit area and short 
floats has lower tear-resistance than a cloth of the 
same weight which is loosely woven, sleazy, and has 
a small number of thread interlacings per unit area 
and long floats. It is of interest to note the linear re- 
lationship between Schiefer’s values for tear-resist- 
ance and the sum of warp and filling crimp. This re- 
lationship is indicative of the importance of so-called 
“interchange geometry” in predicting tear-resistance. 
In another paper, Schiefer [32] notes the increased 
tear-resistance of the basket weave over the plain 
weave, attributed to the greater freedom of move- 
ment of yarns in the former pattern. Increase of 
warp and filling texture does not appear to alter tear- 
resistance. (This statement conflicts with later find- 
ings.) However, increase in filling-twist multiple is 
accompanied by higher tear values across the filling 
as a result of greater yarn elongation and more free- 
dom of yarn movement due to the reduced diameter. 

Krook and Fox [21] attribute the breakdown oc- 
curring in the tongue tear test to the recurring forma- 





RNAL 


ed to 
king 
such 
imps 

He 
ns of 
ina 
nina- 
sible 
nga- 
ress- 


ma- 


s be- 
indi- 
load 


d by 
‘ein 
| use 
veth- 
tear- 
ding 
y by 
.s in 
at a 
arge 
hort 
the 
has 
area 
r re- 
sist- 
; re- 
illed 
nce. 
ased 
lain 
Vve- 


> ol 


NovEMBER, 1948 


tion of “pseudo jaws” which build up at a rate re- 
lated to the number of yarns per inch (in the direc- 
tion along which the tearing action is taking place). 
In the case of the greater number of longitudinal 
yarns, the more rapid occurrence of the “pseudo jaw 
waves” does not permit gripping of as large a number 
of transverse yarns as was the case formerly; the 
tearing load is, therefore, carried by fewer yarns, re- 
sulting in lower tearing strengths. Increasing the 
number of yarns being torn per inch serves to build 
up the jaws more rapidly by providing more contact 
points, but at the same time it furnishes more yarns 
in the jaw width. The reduction in tear strength 
which follows is attributed to the facts that (1) the 
yarns in the pseudo jaws rupture progressively in 
groups, (2) the area of contacts, and therefore the 
friction effect, decreases with higher textures, (3) a 
number of the contact points do not contribute to the 
effective portion of the pseudo jaws. Correlations be- 
tween filling textures for the given structure and tear- 
resistance values are computed in the study. 

Hager et al. [13] analyze the mechanism of the 
trapezoid tear test described in A.S.T.M. manuals 
[2]. Their technique parallels that of Hotte [18] in 
estimating the strength of a combined structure based 
upon the load-elongation characteristics of the com- 
ponents. The trapezoid test is shown to be in effect 
a tensile test of yarns of varying initital lengths. 
Maximum elongation and, therefore, rupture occur in 
the shortest yarn, which is the one located at the edge 
of the tear near the initial slit. However, before this 
rupture condition is reached, partial elongations are 
undergone by the adjacent yarns in accordance with 
their geometric locations and each stressed yarn re- 
sists separation of the machine jaws to the extent of 
its constant of elasticity. Summing the resistance of- 
fered by all such yarns, including the one at the point 
of rupture, the investigators arrive at an expression 
for prediction of fabric tear-resistance. 


Thermal Resistance 


The warmth of textile fabrics is without question 
the prime factor governing the type of clothing worn 
in temperate and arctic climates. So long as tempera- 
ture differentials exist between the skin and the sur- 
rounding air, transfer of body heat will take place, 
resulting in discomfort which is related to the rate of 
heat loss. In functioning as a resistor to heat flow, 


cloth behaves as do ordinary building materials in 
the conduction, convection, and radiation of heat; 
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however, the proximity of the warm, moist skin im- 
poses additional requirements on clothing materials 
which are not ordinarily considered by the mechanical 
engineer. 

Low-density materials, such as textiles, contain a 
large proportion of air within their total structures. 
Heat transmission through media of this type is, 
therefore, primarily dependent upon the resistivity of 
the air layer. The lower the proportion of fiber to 
air the higher will be the resistance to heat flow of the 
cloth. The limiting insulation is that of a layer of air 
equivalent in thickness to the textile material, assum- 
ing, of course, that there are static conditions with no 
convection currents. In practice, the chief function of 
the cloth is to trap an air layer (with high resistance ), 
thus preventing circulation of air currents around the 
subject. Opposing requirements of high porosity 
(low density) and low permeability (negligible con- 
vection) are satisfied in combination fabrics consist- 
ing of a thick, porous lining and thin. tightly woven 
outer cloth. Numerous investigations have led to 
this development and a few of these are reviewed to 
illustrate the general effect of fabric geometry on 
heat flow properties. In this review little attention 
will be paid to the instrumentation involved. More 
detailed information concerning the methods of meas- 
uring thermal conductivity is available in the reports 
of Haven [16], Black and Matthew [6], Rees [30]. 
Cleveland [8], and Baxter [5]. 

As has been indicated, the layer of dead air space 
in a textile material is of great importance in deter- 
mining heat flow. Conditions of tests which tend to 
disturb this layer must be carefully controlled to pre- 
vent reflection of such variables in the test results. 
Included among these factors are wind velocity im- 
pinging against the fabric surface and tension or com- 
pression on the sample which imposes a change in its 
geometric structure. Niven and Babbitt [25] in- 
vestigate the effect of wind velocities on the thermal- 
insulating values of some clothing during wear and 
find that the tightness with which a combination of 
fabrics is worn is of more importance than the ma- 
terial. Tightness of textiles of low density is ac- 
companied by compression and loss in thermal insula- 
tion value. This has been reflected in the complaints 
from army troops stationed in the north that winter 
“long Johns” are poor insulators. 

Rees [30] collects data on a large variety of fabrics 
of varied fiber content and demonstrates the depend- 
ence of heat loss upon one geometric consideration, 
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Variations in wind direction appear to affect thermal 
resistance in accordance with the perpendicular vector 
to the fabric surface. However, this relationship does 
not hold at low wind velocities. Larose also shows 
loss in thermal resistance as a result of change in fab- 
ric thickness due to air pressure. All results reported 
for the fabrics are corrected for boundary air resist- 
ance and compression due to wind pressure. 

Relationships plotted by Baxter [5] show thermal- 
insulating values to be linearly related (approxi- 
mately) to thickness up to 1 cm. Where materials 
exceed this thickness, the slope of the T.I.V. vs. G 
curve falls off rapidly and appears to become horizon- 
tally asymptotic. Surface emissivity is shown to be 
of major importance in thin fabrics, but its effect di- 
minishes as thicker materials (above 0.5 cm.) are 
considered. Emissivities are dependent on radia- 
tion and convection. The former is dependent on the 
fibers of the fabric and upon the dyeing, whereas the 
latter is a function of the geometric structure of the 
surface. Rough surfaces possess lower emissivities 
than corresponding smooth surfaces, and this differ- 
ence is even more pronounced with increased wind 
velocities. 

Goddard and Van Dilla [12] experiment with air 
layers to determine the feasibility of constructing an 
inflatable sleeping-bag pad. They find that air layers 
reach maximum insulation at 1% inch, after which 
convection currents minimize the effects of increased 
thickness. Bounding materials make no difference 
in the values recorded except where open structures 
are used. Reduction of convection currents in the 
air layers is accomplished (with increased thermal 
insulating values) by inclusion of triangular-shaped 
baffles in the air space. These investigators of the 
Quartermaster Climatic Laboratories indicate suc- 
cessful increases of insulating values of air layers by 
inclusion of a minute amount of waterfowl down in 
the layer. This principle is used in experimental 
pads which are enthusiastically received and highly 
praised by users in the Arctic and in other wet, cold 
regions, 

Abrasion-Resistance 


While the general subject of wear-resistance or 
serviceability of textile materials is of great interest, 
it is more in keeping with the nature of this study 
to limit discussion of fabric “wear” to the mechanical 
abrasive attrition of textiles as influenced by cloth 
geometry. The literature contains numerous reports 
on studies of abrasion-testing techniques [14] and 
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tests therewith, but when mention is made of speci- 
men properties, it is invariably concerned with the 
fiber content. Nevertheless, there are a few scattered 
references made to fabric geometry, as is illustrated 
in this section. 

Peirce [27] speaks of avoiding the ribbed effect by 
control of geometric structure in order to enhance the 
abrasion-resistance qualities of fabric. Simon [34] 
emphasizes the importance of the direction of abra- 
sion and recommends orientation of the lining fabrics 
of men’s apparel in the direction which will offer 
greatest resistance to repeated rubbing during use of 
the garment. 

Kaswell [19] introduces the “form factor” in abra- 
sion testing, using the term to include yarn size, 
twist, diameter; fabric weave; picks and ends per 
inch; per cent warp and filling.on the surface; and 
float length. He states that a fabric surface which 
has high abrasion-resistance in one abrasion and test 
direction (tensile test used as a means of evaluating 
damage) has poor abrasion-resistance in the opposite 
abrasion and test direction. Thus, what is gained 
from form factor in one direction is lost in another. 
3y use of photomicrographs, the yarn system which 
predominates at the wearing surface is identified and 
the direction of abrasion is noted. Assuming fiber 
and finish to be the same, predictions of abrasion- 
resistance may then be made. Results of tests on the 
Taber and M.I.T. machines are empirically weighted 
to account for the direction of wear and strength 
testing. Weighted results are found to correlate well 
with the values obtained in field tests on the Combat 
Course of the Quartermaster Corps. 

Unpublished data resulting from tests conducted 
at the Quartermaster Laboratories also show the in- 
fluence of geometry on abrasion-resistance. The ef- 
fect of direction of abrasion is illustrated in a para- 
bolic curve relating angle of rubbing (measured from 
the warp direction) and residual strength after an 
arbitrary number of wear cycles. High points of the 
curve occur at 0° and 180°, whereas minimum resid- 
ual strength is noted at 90°. 

Tait [35] reports on laboratory abrasion tests of 
a series of rayon linings varying successively in 
threads per inch and yarn diameters. A semilog re- 
lationship is here indicated between the warp threads 
per inch of warp-flush twills and the number of wear 
cycles to a visual end-point. Tait also shows that 
longer wear as measured in the laboratory results 
from larger warp-thread diameters. 
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that of thickness. In a similar comparison of weight 
vs. heat loss, he reports a general relationship to 
exist with points more widely scattered than in the 
thickness plot. Since increased thickness is generally 
accompanied by greater weight, this relationship is 
logical. It is also found that, in general, low-density 
fabrics have higher resistance than high-density ma- 
terials, for in the denser fabrics the fiber conduction 
losses assume greater proportions. Increasing wind 
velocities during test cause greater heat losses in all 
cases, the low-textured material undergoing the great- 
est change in heat flow. Single blankets which have 
relatively poor insulating qualities at high wind ve- 
locities are remarkably improved by addition of a 
light, tightly woven linen cloth. Finally, in the sur- 
face structure, smoothness vs. roughness is noted to 
be a contributing factor in causing the initial chill or 
cold feel of fabrics when they are brought into con- 
tact with the skin. 

Hock et al. [17] show the area of contact between 
fabric and skin to be a major factor contributing to 
the chilling effect of moist fabrics. The results of 
their experiments show progressive improvement of 
fabrics with respect to chilling as their wool content 
is increased, thus effecting a more lofty structure and 
The superiority of certain types of 
This work suggests a means 


rougher surface. 
structures is evident. 
for constructing a fabric with minimum chilling effect 
by use of unbalanced crimp and varied counts in the 
warp and filling directions to promote a ribbed effect 
with little contact surface area. 

In a study of the properties of household blankets, 
Schiefer ct al. [33] confirm the finding that thermal 
conductance of fabrics is independent of the kind of 
fiber. The reciprocal of thermal conductance, or 
thermal resistance, was found to be related linearly to 


thickness: 


Thermal resistance = -——> = 3.0G+ 0.63, 

Conductance 
where G is the thickness in inches at pressure of 0.10 
lb./sq. in., and conductance is expressed in B.t.u./°F 
bor; ft". 

Hamlin and Worner [15], studying 90 varying 
knit constructions, show thermal transmission to be 
inversely proportional to thickness and weight. They 
point out, however, that fabrics having a given weight 
can be made in a considerable range of thicknesses. 
In the fabrics constructed, thickness and weight are 
directly related, thus accounting for the correlation 
between weight and thermal values. Similarly, the 
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thicker fabrics are less permeable to air and the data 
accordingly show higher transmission (thermal) with 
higher air permeabilities even though the tests are 
conducted under static air conditions. 

Fletcher [11], in her studies of knitted fabrics, 
treats the subject of thermal insulation in a manner 
similar to Schiefer’s work on the subject. Plotting 
the reciprocals for thermal conductance, or thermal 
resistance, against thickness, G, at 0.1 lb./sq. in., she 
obtains a straight line represented by 


Thermal resistance = 3.85 G + 0.61, 


which closely resembles the relationship derived by 
Schiefer. 

In an A.S.T.M.-sponsored program, Backer and 
Winston [4] study the ranking of thermal-transmis- 
sion values reported by several laboratories on 24 
woolen materials varying in structure. Of the nu- 
merous properties listed, thickness evidences the clos- 
est relationship with thermal-insulating values. Pear- 
son’s coefficient for comparison of these two param- 
eters varies from 0.94 to 0.99. 

Results of thermal tests conducted by the Quarter- 
master Corps [4] during the war have been collected 
and some two hundred test figures are available rep- 
resenting samples which range from lightweight flan- 
nels to heavy pile fabrics of both cotton and woolen 
materials. The physical properties of thickness, 
weight, density, and air permeability have been tabu- 
lated and an attempt has been made to relate the 
structure of the fabric to its warmth as measured in 
the QM laboratory. The sole significant relationship 
noted is again that between thickness and thermal 
values. 

Larose [22] investigates the effect of closeness of 
weave and thickness upon thermal values of fabrics 
and shows that in winds up to 6 m.p.h. there is little 
disturbance of the air behind a thin fabric covering a 
heavy pile material (for air permeabilities up to 50 
ft.2/ft.°/min. at 0.5 inch of water). The sole effect 
up to this point is to change the resistance of the 
surface boundaries, which occurs at low velocities. 
From 6 to 30 m.p.h. the reduction in thermal resist- 
ance is practically proportional to wind velocity for 
covers of low permeability. More permeable fabrics 
lose more thermal resistance in the range of 6 to 24 
m.p.h., then flatten off in the range of 24 to 30 m.p.h. 
The open structure of the under layers of fabric is 
seen to affect thermal resistance when higher veloci- 
ties are used with more permeable cover fabrics. 
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rABLE I. ‘EXPE RIMENTAL FABRICS Construc TED AS 
PART OF AN INVESTIGATION OF W ATER- 
REsIsT: ANCE OF Tre XTILES 





Range ei etal 
(oz./sq. yd.) 
6.7 7.8 9.5 11.0 13.5 19.0 
7.0 8.1 10.0 11.5 14.1 20.0 
7.6 8.8 11.0 12.4 15.2 21.5 
6.7 7.8 9.5 11.0 13.5 19.0 
69:79 S37 112-138 195 
7.3 8.5 10.4 11.9 14.6 20.2 
6.7 7.8 9.5 11.0 13.5 19.0 
7.2 8.3 10.2 11.8 14.4 20.4 
8.1 9.4 11.5 13.2 16.2 22.9 


Constant factors 

Series K, Ke T; To 
IA 30 
IB 30 
IC 30 V 
IIA 30 15 vi 
IIB 30 15 v § 
IC 30 15 V 
WIA 30 15 Vv 
IIB 30 15 Vv 
HIC 30 15 v 


ae 


V 
v | 


—_>_ — ee 
mon wm 


Wnu WN 


Num 


on 
Own Oa wm \ <3 tn 


Du 


where 

Ki, Az are the warp and filling cover factors, respectively, 
where K is the ratio of the number of yarns per inch 
to the square root of the yarn count [26]. 

7;, T: are the warp and filling tightness factors, respec- 
tively, where T indicates the relative cramming of 
a given yarn system, taking into consideration the 

crossovers of the other set of yarns. 
3 is thes ratio of varn diameters. 


tional characteristics of Army fabrics, such as those 
on water-, wear-, and shrink-resistance. One of the 
major problems of each of these investigations is the 
effect of fabric structure upon the pertinent property. 
In two of these projects (wear- and water-resistance ) 
a wide range of materials has been produced under 
controlled conditions to permit evaluation of the ef- 
fects of the variable elements of cloth geometry both 
individually and in combination. 

Nominal data for the series of materials * 
in connection with the wear-resistance program have 
As expected, it was 


prepared 


been previously outlined [3]. 
found that the constructions as determined from 
physical analysis of the actual fabrics differ from the 
previously published specifications. In lieu of listing 
corrections at this time, it is planned to submit the 
revised data in later discussions of specific properties 
as influenced by fabric structure. 

The fabrics * prepared under the water-resistance 
program cover a wider range of weights than those 
described in the Conference on Quartermaster Textile 
Research [3]. Whereas the “wear” 
ior the most part of 1-inch staple cotton and carded 
single-ply yarns, the “water” series was manufactured 
of 114-inch staple and combed mercerized three-ply 
yarns. The difference in approach in the two pro- 


—_ 


series consisted 


Manufactured under the supervision of the Institute of 
Textile Technology, Dr. L. Larrick, project supervisor. 
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grams was based on practical considerations. The 
“wear” series was built around the Army’s standard: 
work-garment fabric, an 8.5-ounce herringbone twill, 
whereas the “water” series was based on the con- 
structions recommended by workers at the Shirley 
Institute for highest water-resistance, and on the 
Army’s standard 9-ounce Oxford. A summary of 
the systematic variations in the “water” series is pre- 
sented in Table I. 

It is evident that the materials prepared in the 
“wear” and “water” series provide a fertile field for 
study of other properties vital to the utility, comfort, 
and appearance of textile structures. At present, 
work has been initiated to evaluate the principles of 
fabric structure which determine dimensional stability 
under wet and dry conditions, sewability, drape, 
breaking strength, elongation, bursting strength, air 
permeability, resistance to water penetration, water 
absorption, thermal conductivity, tear-resistance, and 


porosity. The results of these studies will be pub- 


lished at frequent intervals as a part of this series of 


papers on fabric geometry. Some of the papers will 
deal with extension of the geometrical concepts pro- 
posed by Peirce [26], while the remainder will pro- 
vide empirical confirmation of the principles devel- 
oped and furnish detailed data on the fabric proper- 


ties. 
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Gas Permeability 


Gas permeability (or air flow as commonly meas- 
ured) is described as the rate of flow of a gas under 
a differential pressure through an area of the ma- 
terial. The geometric factors which influence this 
flow have been studied by numerous investigators on 
both an empirical and a theoretical basis. Clayton 
[7| carries out a series of experiments to show the 
change in air flow with fabric form. In lieu of re- 
porting total air permeability, 4P, Clayton multiplies 
measured values by the cloth thickness to give sec- 
tional permeability, AP... With all other factors con- 
stant, he varies the twist factor of the filling yarn and 
finds a linear relationship between air permeability 
and twist. Increase in picks per inch from 35 to 65 
results in linear decrease in the AP, of a plain-weave 
fabric (141 ends/inch, 44s warp, 50s filling, and fill- 
ing crimp 3.5 percent) ; beyond 65 picks per inch the 
curve flattens out, indicating approach to complete 
closure. straight-line relationship was noted be- 
tween (7, and filling count as the filling yarns were 
increased in size in a plain-weave construction with 
141 ends/inch, 74 picks/inch, 44s warp, and 3.0 per- 
cent filling crimp. In a final series of experiments 
Clayton maintains a constant cover factor by varying 
filling count and the number of picks per inch. A 
log relationship is shown to exist between the AP, 
and each of these variables. This result is at variance 
with Peirce’s |27| statement that flow resistance is 
primarily a function of warp cover factor, provided 
the weave is firm enough to hold the close warp 
yarns firmly in place. However, Peirce further qual- 
ifies his statement, pointing out that flow is propor- 
tional to the pressure drop per unit thickness for any 
shape of cross section. 

Draper [9] measures a limited number of fabrics 
on a device of his own design and concludes quali- 
tatively that AP is directly proportional to the yarn 
twist and looseness of weave and inversely reiated to 
the texture, the amount of carding, the yarn diam- 
eters, and the extent of fabric felting where woolen 
materials are concerned. 

Schiefer et al. [31] have produced a set of 42 fab- 
rics of similar yarns (warp 57s, 4.0 T.M., and filling 
60s, 2.6 T.M.) with a thread count in the loom of 
90 x 90. Varied weaves are used in the manufac- 
ture of the fabrics, including plain, twill, rib, mock 
leno, basket, sateen, and combinations of these pat- 
terns. Asa result of a study of the physical prop- 
erties of these fabrics it is concluded that fabrics 
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which are closely woven, firm, and have a large nuni- 
ber of thread interlacings per unit area and short 
floats will have lower air permeability than cloths of 
the same weight which are loosely woven, sleazy, and 
have a small number of thread interlacings per unit 
area and long floats. Schiefer’s conclusions have been 
reaffirmed in the data of Quartermaster studies which 
indicate that, for a given texture, sateens possess the 
highest permeabilities, followed in order by the her- 
ringbone twill, herringbone twill-modified, Oxford, 
and plain weaves. 

Rainard [29| uses the following relationship to 
study the air permeability of denims, twills, sheeting, 
pique, and plain weaves: 


— Pa 
FiA F, = <5 
1 + 4qP 


where AP is the air permeability of the material, 
and Pa is the pressure differential. The slope /’, oi 
this curve is stated to be dependent on the pore radius 
and the number of pores per square inch of fabric, and 
independent of the thickness of the fabric. F,, the 
intercept, is dependent on the pore radius, the num- 
ber of interstices per inch, and the fabric thickness. 

Many of the studies cited point to the effect of (1) 
fabric thickness, (2) pore size, and (3) the number of 
pores in a given area upon the air permeability of a 
The first and third factors can be meas- 
Pore size, however, presents 
Investi- 


given cloth. 
ured without difficulty. 
a problem which is difficult of flow analysis. 
gations have been conducted on the effects of orifice 
dimension [1] on fluid flow, and study has been made 
of the flow characteristics of orifices of equal area 
but with varying perimeters [23]. Work of this 
nature has led to the use of hydraulic radii as a bridge 
between geometric figures [28]. However, nothing 
so unusual as the interstice shapes which exist in a 
textile fabric has been reported on. Careful consid- 
eration of the geometry of fabric pores is warranted if 
prediction of flow properties is to be made on the 
basis of fabric construction. This matter is dealt 
with at length in a later paper in this series. 


Quartermaster Studies 


As a major consumer of a wide range of textile 
fabrics, the Quartermaster Corps has taken an active 
interest in the effect of construction upon the physical 
and mechanical properties of cloth. Several research 
and development programs initiated early in 1946 
[20] are directed towards improvement of the func- 





9. Draper, S., Investigation of a New Method of De- 





2 


bo 





termining Porosity of Fabrics. M.I.T. thesis, 
1928. Unpublished. 

. Essam, J. M., Physical Properties of Fabrics: Effect 
of Yarn and Weaving Structure, J. Text. Inst. 19, 
T37-58 (1928); 20, T275-93 (1929). 

. Fletcher, H. M., Physical Properties of Knitted 
Fabrics Made from Natural and Mercerized 
Carded and Combed Cotton Yarns, Rayon Text. 
Mo. 26, 233-6 (1945). 

. Goddard, W. L., and Van Dilla, M., Air Layers, 
Thermal Properties When Bounded by Surfaces 
of High and Low Emissivity. Climatic Research 
Laboratories (U.S.A.) Reports Nos. 4589, 4590, 
Dec., 1945. Unpublished. 

. Hager, O..B., Gagliardi, D. D., and Walker, H. B., 
Analysis of Tear Strength, TEXTILE RESEARCH 
JourNav 17, 376-81 (July 1947). 

. Hall, H. S., and Kaswell, E. R., Wear-Resistance of 
Apparel Textiles, A Literature Survey, TEXTILE 
RESEARCH JOURNAL 15, 178-89 (1945). 

. Hamlin, C. H., and Worner, R. K., Properties of 
Knit Underwear Fabrics of Various Construc- 
tions, Natl. Bur Standards J. Res. 13, 311-29 
(1934). RP 711. 

. Haven, G. B., “Mechanical Fabrics,” New York, 
John Wiley & Sons, Inc., 1932, p. 260. 

. Hock, C. W., Sookne, A. M., and Harris, M., Ther- 
mal Properties of Moist Fabrics, Naél. Bur. 
Standards J. Res. 32, 229-52 (1944). RP 1587. 
. Hotte, G. H., Investigation of Fabric Structure and 
Its Relation to Certain Physical Properties. 
M.I.T. thesis, 1945. Unpublished. 

. Kaswell, E. R., Wear-Resistance of Apparel Tex- 
tiles, I, II, Textite RESEARCH JoURNAL 16, 413- 
31, 502-21 (1946). 

. Kennedy, S. J., Wells, R. D., and Backer, S., Areas 
of Quartermaster Research in Textiles, Textile 
Series Report No. 25, Office of the Quartermaster 
General, Cct., 1946. Unpublished. 

. Krook, C. M., and Fox, K. R., Study of the Tongue 
Tear Test, TEXTILE RESEARCH JOURNAL 15, 389- 
96 (1945). 

. Larose, P., Effect of Wind on the Thermal Re- 
sistance of Clothing with Special Reference to 











24. 


a. 


26. 
a. 


33. 


34. 


36. 


« Perry, 1. 


. Tait, J. 


(Manuscript received August 19, 1948.) 





TEXTILE RESEARCH JOURNA\. 





the Protection Given by Coverall Fabrics of Va- 
rious Permeabilities, Can. J. Res. A25, 169-90 
(1947). 


3. Morgan, W. H., Investigation of Rectangular Ori- 


fices for Metering Low-Pressure Air. M.I.T. 
thesis, 1939. Unpublished. 

Morton, W. R., and Williamson, R., Influence of 
Varying Warp Tensions on Some Physical 
Properties of Plain Cotton Cloth, J. Text. Just. 
30, T137-56 (1939). 

Niven, C. D., and Babbitt, J. D., Heat Transmission 
of Textile Fabrics, J. Text. Inst. 29, T161-72 
(1938). 

Peirce, F. T., Geometry of Cloth Structure, J. Te.v, 
Inst. 28, T45-96 (1937). 

Peirce, F. T., Geometrical Principles Applicable to 
the Design of Functional Fabrics, TEXTILE Re- 
SEARCH JOURNAL 17, 123-47 (1947). 

H., “Chemical Engineers’ Handbook,” 

New York, McGraw-Hill, 1934, p. 271. 


29. Rainard, L. W., Air Permeability of Fabrics, |, 


TEXTILE RESEARCH JOURNAL, 16, 473-80 (1946). 


. Rees, W. H., Transmission of Heat Through Tex- 


tile Fabrics, J. Text. Inst. 32, T149-65 (1941). 


. Schiefer, H. F., Cleveland, R. S., Porter, J. E., and 


Miller, J., Effect of Weave on the Properties of 
Cloth, Natl. Bur. Standards J. Res. 11, 441-51 
(1932). RP 600. 


. Schiefer, H. F., Taft, D. H., and Porter, J. W., 


Effect of Number of Warp and Filling Yarns per 
Inch and Some Other Elements of Construction 
on the Properties of Cloth, Natl. Bur. Standards 
J. Res. 16, 139-47 (1936). RP S62. 

Schiefer, H. F. et al., Study of the Properties ot 
Household Blankets, Natl. Bur. Standards J. Res. 
32, 261-84 (1944). RP 1589. 

Simon, C., Abrasion-Resistance of Lining Fabrics. 
Report to the Philadelphia Quartermaster Depot. 
1941. Unpublished. 

H., Rayon Lining Fabrics: Resistance to 
Abrasion, Rayon Text. Mo. 26, 171-2 (1945). 
Womersley, J. R., Application of Differential Geom- 
etry to the Study of Deformation of Cloth Under 

Stress, J. Text. Inst. 28, T97 (1937). 













are 


nolo 


NAL — NoveMBER, 1948 659 


Va: 
a Some Aspects of the Photochemical Degradation 
Lt. of Nylon, Silk, and Viscose Rayon 

Mes G. S. Egerton* 

Jnst, Department of Textile Chemistry, College of Technology, Manchester, England 

e Abstract 


The vat dyes that are particularly effective in increasing the photochemical degradation ot 
ext. nylon, silk, and viscose rayon are capable of increasing the degradation of undyed cotton that 
is simultaneously irradiated in their vicinity. The experiments took the form of irradiating 
a sheet of yarn composed of alternate dyed and undyed threads not in contact with one another. 


le to 
The dyed threads used included nylon, silk, and viscose rayon yarns dyed with various vat dyes. 
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Many of the dyed yarns have a considerable effect upon the degradation of adjacent undyed 
yarns of cotton or silk, but the same dyed yarns generally have only a small or negligible 


effect upon the degradation of undyed yarns of nylon or viscose rayon. 


These results are ap- 


parently due to the greater resistance of the latter textile materials to oxidation by the volatile 


agent (hydrogen peroxide), which is responsible for the “action at a distance.” 


In some cases— 


for example, dyed nylon—there is evidence that although the volatile agent is produced by the 
dye in a relatively large amount it is not responsible for the major proportion of the degradation 


of the dyed yarn. 


The effect of humidity on the rate of photochemical degradation of textile 


materials dyed with active vat dyes appears to be closely related to the ease with which the textile 


fiber is oxidized by the volatile agent. 


These results are interpreted in terms of a theory in which the photochemical degradation 
of the textile material is represented as the result of oxidation by activated oxygen and/or 


hydrogen peroxide. 


The relative effectiveness of these two oxidation processes depends upen 


the particular experimental conditions and the nature of the textile fiber. 


Ir has long been known that when textile materials 
are exposed to light they suffer a progressive loss in 
tensile strength and undergo a general deterioration 


in their other physical properties. From measure- 
ments of the viscosity of solutions of the textile fiber 
ina suitable solvent it is also possible to show that 
the deterioration is accompanied by a decrease in the 
chain length of the high polymer. The rate of degra- 
dation varies with the nature of the textile material 
and for any given substance is profoundly modified 
by such factors as the intensity and quality of the 
light, the duration of exposure, the nature of the sur- 
rounding atmosphere, and the presence of dyes and 
pigments in the fiber. In order to arrive at an under- 
standing of the mechanism of the reactions which are 
involved in the photochemical degradation of textiles 
it is desirable to isolate the effect of many of these 
factors. 

The quality of the light is of considerable impor- 
tance and it would seem desirable to consider sepa- 
rately the effect of light of wave lengths below and 
greater than 3,000 A. It is the action of the latter 
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that is of interest in connection with the normal de- 
terioration of dyed and undyed textiles which occurs 
during their use. Undyed cotton is, however, very 
much more rapidly degraded by short-wave ultra- 
violet light than by light of longer wave lengths, and 
largely for this reason most investigations on the un- 
dyed material have been concerned with the effect of 
light of wave lengths below 3,000 A. Apart from the 
probability of degradation due to the formation of 
ozone with short-wave ultraviolet light, there is also 
another respect in which these two systems are vastly 
different. The rate of photochemical degradation of 
cellulose exposed to sunlight behind glass can be 
greatly increased by the presence in dyed cotton or 
other cellulosic textiles of many orange and yellow 
vat dyes of the anthraquinonoid type [3]. Under 
comparable conditions the effect of short-wave radia- 
tions of a wave length less than 3,000 A. on the deg- 
radation of cotton is decreased and not enhanced by 
the presence of these vat dyes [6]. The position, 
therefore, is that yellow and orange vat dyes sensi- 
tize the photochemical degradation of cotton by light 
of wave length greater than 3,000 A., but desensitize 
that of cotton by light of shorter wave lengths. It 
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would seem to follow from this that the mechanism 
of the degradation of textiles by short-wave ultra- 
violet light is different from that to be discussed in 
the present paper, which describes the results of ex- 
periments in which textile yarns were irradiated 
behind glass. 

A recent publication [3] has described a study of 
the effect of different conditions of exposure on the 
rate of photochemical degradation of cotton, undyed 
and dyed with different vat dyes varying greatly in 
their sensitizing action. Exposures were made in 
closed cells behind glass both to sunlight and to the 
high-pressure mercury-vapor lamp, which has found 
considerable use for road lighting in many countries. 
The results showed that the photochemical degrada- 
tion of dyed and undyed cotton is due to oxidation of 
the cellulose by the oxygen in the surrounding at- 
mosphere and that the reaction is accelerated by water 
vapor. 

The role of moisture in enhancing the photo- 
chemical degradation of cotton was investigated in a 
later paper [5]. It was found that the degradation 
of cotton can be accelerated by the presence of a sen- 
sitizing dye in the irradiated system even though 
there is no contact between the dye and the cotton. 
In the experiments described, the vat dye exposed to 
light in the vicinity of undyed cotton was supported 
either on an inert base such as glass or asbestos, or 
on cotton, to which it was applied by dyeing or 
pigmenting. In the latter case a sheet of yarn, com- 
posed of alternate threads of dyed and undyed cotton 
not in contact with one another, was irradiated. In 
moist air or oxygen the undyed cotton was found to 
be photochemically oxidized at a greater rate than 
the same cotton irradiated by itself, although not so 
rapidly as the cotton actually supporting the vat dye. 
Tn dry air or in dry oxygen no such effect was ob- 
served even though the oxidation of the cotton in con- 
tact with the dye was greatly accelerated. This “ac- 
tion at a distance,” which must be due to the forma- 
tion of a volatile oxidizing agent, was ascribed to 
hydrogen peroxide. Presumably, the degradation of 
dyed and undyed cotton was at least partly due to 
oxidation by this hydrogen peroxide. The produc- 
tion of the latter was not, however, observed with all 
the dyes tested but only with those that were able to 
increase the rate of degradation of cotton to a con- 
siderable extent. 

It was difficult to explain the degradation of dyed 
cotton exposed to sunlight in dry oxygenated atmos- 
pheres as being due to oxidation by hydrogen perox- 
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ide, since under these conditions the latter could uot 
be detected. In view of this it was suggested that the 
photochemical degradation of dyed and undyed cotton 
could best be represented as being due to oxidation 
by two agents, activated oxygen and hydrogen per- 
oxide. The extent of the degradation due to either 
of these agents depended upon the particular experi- 
mental conditions. The course of reactions 

visualized as follows: in the first process the light 
energy absorbed by the dye is transferred to the oxy- 
gen of the air, with the activation of the oxygen ; sec- 
ondly, in the presence of moisture, the activated oxy- 
gen reacts with water to form hydrogen peroxide. 
The degradation of the textile material is then due to 
There 


Was 


oxidation by either or both of these agents. 
was also evidence to show that the oxidation of the 
cotton by hydrogen peroxide is photochemically in- 
duced. 

The photochemical degradation of cotton would 
then be represented as being due mainly to oxidation 
by activated oxygen in those cases in which exposure 
is made in atmospheres at low humidity and in which 
the effect of humidity on the degradation of the dyed 
cotton is small. The degradation of cotton dyeings 
with dyes such as Cibanone Yellow R is much greater 
in humid than in dry air, and, except when irradia- 
tion is made in atmospheres at very low humidities, 
it is due mainly to the photochemically induced oxi- 
dation of the cotton by the hydrogen peroxide. On 
this basis it is possible to explain in a reasonably 
satisfactory manner the sensitized and nonsensitized 
photochemical degradation of cotton. Degradation 
of cotton occurs in the absence of a sensitizer and the 
oxidation can still be regarded as being due to the 
effect of the two agents, activated oxygen and hydro- 
gen peroxide. 

In this representation of the photochemical degra- 
dation of cotton, the part played by cellulose is largely 
one of an oxygen acceptor, in which it suffers oxida- 
tion to a greater or lesser extent. A similar system 
would be one in which the cotton cellulose was re- 
placed by silk fibroin or by nylon. The susceptibility 
of such textiles to oxidation by activated oxygen and 
hydrogen peroxide would not necessarily be the same. 
It would, however, be possible to study the action oi 
light on such textiles, using the methods which have 
been used for cotton. Such an investigation would 
require a study of the effect of oxygen and water va- 
por on the degradation, followed by an investigation 
of the effect which the presence of dyeings on such 
textile materials has upon the degradation of undyed 
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Fic. 1. Undyed yarns and 
yarns dyed with Cibanone 
Orange R exposed to sunlight 
in air at 100% R.H. 


f DYED SILK 
Lo} 


> foal 2 
o o o 


IN TENSILE STRENGTH 


% LOSS 


5000 


INCIDENT 


yarns irradiated in their proximity. The first por- 
tion of this study has been covered in a previous 
publication [4] and the second forms the basis of the 
present paper. 

The general experimental procedure adopted was 
that a uniform layer of undyed yarn and a composite 
layer containing alternate threads of dyed and un- 
dyed yarn were exposed to light simultaneously but 
in different cells. In some cases in which a particu- 
lar effect was being studied the dyed and undyed 
yarns were not of the same textile material, but the 
silk, cotton, and nylon yarns used were roughly of 
the same weight per unit length (equivalent to 
about 180 denier), although the viscose rayon was 
much coarser (450 denier). At the end of the ir- 
radiation period, the strength losses (or fluidity 
rises) were determined (a) of the dyed yarn, (b) of 
the undyed yarn exposed in juxtaposition to the dyed 
yarn, called the “adjacent undyed yarn,” and (c) of 
the undyed yarn exposed by itself, called the ‘“iso- 
lated undyed yarn.” 


Silk 


A study of the various conditions under which the 
photochemical degradation of silk is accelerated by 
vat dyes has been described in a previous paper [4]. 

With many of the dyes tested it was found that the 
losses in tensile strength of dyed silk yarns were 
very much greater in air at 100 percent relative hu- 
mnidity than in completely dry air. Experiments were 
also made in which dyed and undyed silk yarns were 
radiated in oxygen-containing atmospheres and in 
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inert gases nominally free from oxygen. The result 
showed that in both dry and moist atmospheres neg- 
ligible degradation occurred if oxygen was absent 
from the surrounding atmosphere. It was clear that 
oxygen played a very important part in the degrada- 
tion. 


Photochemical Effects Produced by Vat-Dyed Silk 


Some experiments were made in which undyed 
silk was irradiated in moisture-saturated air, both by 
itself and adjacent to silk yarn dyed with Cibanone 
Orange R. A parallel set of exposures was made for 
comparison using dyed and undyed cotton in place 
of the silk. The amount of dye on the dyed yarns 
was estimated [4] and it was found that the silk and 
cotton contained 2.2 percent and 3.6 percent dye, 
respectively. The yarns were exposed to sunlight for 
various periods and the amount of light energy inci- 
dent upon the samples during each exposure was 
measured by means of the photographic recorder, 
described by Farrow and Pelton [7|. Figure 1 il- 
lustrates the progressive degradation of (a) the dyed 
yarn, (b) the adjacent undyed yarn, and (c) the 
The data are presented in the 
in tensile 


isolated undyed yarn. 
form of rate curves in 
strength is plotted against the incident light energy, 
expressed as microwatt-hours per sq.cm. per 10 A. at 
a wave length of 4,600 A. It is clear that the vat dye 
considerably accelerates the rate of degradation of 
the two textile substrates, the influence of the dye be- 
ing more pronounced on the silk than on the cotton. 
The dyed yarn has a marked effect on the degradation 


which the loss 
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TABLE I. ComposirE YARN Layers OF UNDYED Corton, 

AND COTTON AND SILK DYED WITH CIBANONE ORANGE R 
EXPOSED IN AIR AT 100% R.H. to SUNLIGHT FOR 

8 Weeks (ApRIL—MaAy) 





% Loss in tensile strength 
of undyed cotton 
Dyed silk 54 
Dyed cotton 39 
Isolated undyed cotton 19 


Yarn adjacent to: 


of the adjacent undyed yarns of silk and cotton. In 
this series of experiments the incident light energy 
recorded for an exposure of 12 days during the 
month of July amounted to 2,504 microwatt-hours 
per sq.cm. per 10 A, 

When composite layers of undyed cotton and either 
of these two dyed samples were irradiated it was 
found (Table I) that the dyed silk was more effective 
than the dyed cotton in increasing the degradation of 
the adjacent undyed cotton. It must be concluded 
from this that a greater amount of peroxide was lib- 
erated from the dyed silk. In spite of this, it is clear 
from Figure 1 that the strength loss of the adjacent 
undyed yarn approaches that of the dyed yarn much 
more closely with the cotton than with the silk. 

The greater formation of peroxide from the silk 
dyeing does, however, seem to be related to the fact 
that the effect of humidity on the rate of degradation 
is greater with the silk than with the cotton dyeing. 
The losses in tensile strength of these yarns after ex- 
posure to sunlight in dry and humid air are given in 
Table II. As the rate of degradation of the dyed 
silk is greater than that of the cotton, the exposure 
periods were not of the same duration, but the differ- 
ent effect of humidity on the rate of degradation of 
the two dyeings is apparent. 





TABLE III. ComposirE YARN LAYERS oF UNDYED SILK 
AND SILK DyED WITH DIFFERENT VAT DyEs EXPOSED 
IN Arr at 100% R.H. To SUNLIGHT FOR 
4 WEEKs (JULY) 





% Loss in tensile strength 
Adjacent 


Dye Dyed yarn —_sundyed yarn 


Cibanone Yellow R 100 
Caledon Gold Orange G 94 
Caledon Red BN 96 
Durindone Orange R 97 
Durindone Scarlet Y 94 
Durindone Blue 4B 68 
Ciba Brown G 92 
Ciba Violet B 90 
Ciba Green G 44 
Isolated undyed yarn 
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TABLE II. Sirk anp Cotton Yarns DYED WITH CIBAN: INE 
ORANGE R AND EXPOSED IN AIR AT 0% AND 
100% R.H. to SUNLIGHT 





& Loss in tensile 
strength 
0% R.H. 100% B.H. 
Silk, exposed 8 days (May) 18 74 
Cotton, exposed 30 days (June) 48 74 


Silk dyed with vat dyes other than Cibanone 
Orange R is also capable of increasing the degrada- 
tion of adjacent undyed silk. This is clear from the 
results given in Table II]. The nine dyes tested in- 
cluded some which sensitize to a marked extent the 
photochemical degradation of cotton as well as that of 
silk. Other dyes, however, such as Durindone Blue 
4B and Caledon Red BN, sensitize the degradation 
of silk to a marked extent in humid air, but are not 
regarded as deleterious to cotton or cellulosic rayons. 
Moreover, cotton dyed with these latter dyes does 
not increase the degradation of undyed cotton simul- 
taneously irradiated in its proximity. It would seem 
that the increased activity of these dyes on silk is con- 
nected with the enhanced formation of peroxide by 
the dyed silk. 

The formation of a volatile oxidizing agent can 
also be demonstrated by the irradiation of composite 
layers of undyed cotton and dyed silk. Table IV 
gives the results for three anthraquinonoid and three 
indigoid vat dyes which are particularly active on 
silk. All six dyes accelerate the degradation of ad- 
jacent undyed cotton to a marked extent. 

The accelerated oxidation of undyed cotton ex- 
posed in proximity to a photosensitizing vat dye oc- 
curs only in a moist oxygenated atmosphere [5]. It 
has likewise been found that when undyed silk is ir- 
radiated in proximity to dyed silk in dry air or dry 
oxygen the degradation of the undyed silk is unaf- 


TABLE IV. Composite YARN LAYERS OF UNDYED Corton 
AND Dyep SILK ExposeD IN Air at 100% R.H. 
TO SUNLIGHT FOR 8 WEEKS (APRIL—MaAy) 





Undyed cotton 
% Loss in 
tensile strength 


Cibanone Yellow R 56 
Cibanone Orange R 54 31.6 
Ciba Brown G 51 32.8 
Durindone Orange R 50 28.9 
Durindone Scarlet Y 41 26.4 
Caledon Gold Orange G 38 

Isolated undyed yarn 19 


Fluidity rise 
34.2 


16.8 








the 
of tl 
imp' 
stab 
wor 
on ¢ 
the 
tanc 
whi 
the 
post 
Tab 
und 
wert 
moi: 
the | 
the « 
and 
T 
silk 
is it 
tain 
cotte 


anone 
rrada- 
m the 
ed in- 
nt the 
hat of 

Slue 
lation 
‘e not 
Lyons. 

does 
simul- 
seem 
S con- 


de by 


t can 
posite 
le IV 
three 
ve on 
of ad- 


Ml eX- 
ye oc- 
|, 2 
is if- 
r dry 
unaf- 


‘OTTON 


NoveMBER, 1948 


663 











TABLE V. ComposiTE YARN LAYERS OF DYED AND UNDYED 
SILK EXPOSED IN AIR AT 0% R.H. To SUNLIGHT 
FOR 4 WEEKS (JULY) 


% Loss in tensile strength 
Adjacent 
Dye Dyed silk —undyed silk 


Cibanone Yellow R 79 18 
Cibanone Orange R 74 17 
Durindone Orange R 59 21 
Isolated undyed silk 23 


— 


fected by the presence of the dyed silk, even though 
the latter may have lost a considerable proportion of 
its strength. This is illustrated in Table V for an ex- 
posure in dry air. In these circumstances the vat 
dye is capable of accelerating the photochemical oxi- 
dation of the silk without the formation of a volatile 
oxidizing agent. 

The relationship between the distance separating 
the dyed and the undyed threads and the magnitude 
of the “action at a distance” effect is of interest and 
importance as affording information regarding the 
stability of the volatile oxidizing agent. Previous 
work [5] has shown that the action of dyed cotton 
on adjacent undyed cotton is almost independent of 
the distance between the yarns over a range of dis- 
tances from 0.3 mm. to 8 mm. In the experiments 
which have so far been described the distance between 
the dyed and the undyed threads was 0.3 mm., but ex- 
posures have also been made at greater distances. 
Table VI shows the results of an experiment in which 
undyed silk and silk dyed with Cibanone Yellow R 
were irradiated in juxtaposition to one another in 
moisture-saturated air. It is clear that the effect of 
the dyed silk on the adjacent undyed silk varies with 
the distance between the dyed and the undyed threads 
and is only marked at distances less than 2 mm. 

This falling-off in the effect on the adjacent undyed 
silk as the distance between the threads is increased 
is in striking contrast to the results that were ob- 
tained in similar experiments with dyed and undyed 
cotton [5]. The results given in Table VII, which 


TABLE VI. Sitk Yarns, UNDYED AND DyepD wITH 
CIBANONE YELLOW R, EXPOSED IN AIR AT 
100% R.H. To SUNLIGHT FOR 
8 WEEKS (MARCH-APRIL) 


Distance from dyed to Isolated 
undyed thread (mm.) 0.3 1 2 4 6 8 undyed silk 

% Loss in tensile 49 43 35 37 34 33 30 
strength of adjacent 
undyed silk 





TABLE VII. Yarns oF UNpbyeD Cotton, UNbDYED SILK 
AND SILK DYED WITH DURINDONE ORANGE R EXPOSED 
IN Arr AT 100% R.H. To SUNLIGHT FOR 
8 WEEks (MAY-JUNE) 


% Loss in tensile strength Fluidity rise 
dyed toundyed Adjacent Adjacent Adjacent un- 
thread (mm.) —_undyed silk undyed cotton dyed cotton 


0.3 58 29.8 
4 34 ‘ 30.2 
8 36 22.5 
Isolated undyed yarn 28 4 8.2 


Distance from 








were obtained by irradiating composite yarn layers of 
dyed silk and undyed silk (or cotton), suggest, how- 
ever, that the different behavior of silk is due in some 
way to the undyed silk rather than to the dyed silk. 
As shown in Table VI, the loss in strength of the 
adjacent undyed silk varies with the distance from the 
dyed silk, but the presence of the latter has a marked 
effect on the degradation of the adjacent undyed cot- 
ton even at a distance of 8 mm. This is demonstrated 
by measurements of the fluidity of solutions of the 
cotton in cuprammonium hydroxide as well as by 
breaking-load results. 


Photochemical Degradation of Tin-lVeighted Silk 


It is known that tin-weighted silk loses strength at 
a much greater rate than unweighted silk on exposure 
to light [9]. The effect of humidity on the rate 
of degradation is small, there being only slightly less 
loss in strength in dry than in humid air [4]. An in- 
vestigation was made of the effect of oxygen on 
the photochemical degradation of tin-weighted silk. 
The results of an experiment in which tin-weighted 
silk yarns were exposed simultaneously to sunlight 
in dry air at different pressures, and in dry oxygen 
at atmospheric pressure, are recorded in Table VIII. 
These results are plotted in Figure 2 with the loga- 
rithms of the oxygen pressure as abscissas. 

The loss in strength of the tin-weighted silk is con- 
siderable in atmospheres of dry oxygen or air but the 
loss decreases considerably with a fall in the partial 
pressure of oxygen in the atmosphere surrounding 
the yarn, and is very slight at low air pressures. The 
conclusion must be drawn from these results that the 
photochemical degradation of tin-weighted silk is due 
to oxidative attack on the silk fibroin. This con- 
clusion is supported by the results of experiments in 
which tin-weighted silk was exposed to the high- 
pressure mercury-vapor lamp. In atmospheres at 
humidities of both O percent and 100 percent R.H., 
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TABLE VIII. Tixn-WeiGHrep SILK YARNS EXPOSED TO 
SUNLIGHT AT DIFFERENT PRESSURES OF Dry AIR 
AND OXYGEN 
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TABLE IX. Unbvep, UNWEIGHTED AND TIN-WEIGiTED 
SttK YARNS EXPOSED TO SUNLIGHT IN AIR AT 
100% R.H. ror 4+ WEEKs (JULY) 





% Loss in 
tensile strength 


Log of oxygen 
pressure 


Pressure 
(mm. Hg) 


Sxxa0- —3 3 

0.5 =I 6 
5 0 7 
15 
23 
29 
40 
79 
84 


coon! 
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40 >Air 


100 
250 
760 
760 Oxygen 


4 
15 | 
f 
| 
| 


frowe— co 
Sr TW OU 








the losses in strength in nitrogen and carbon dioxide 
were negligible, although the loss in strength of yarn 
exposed in air under the same conditions was over 
70 percent. 

In view of the small effect of humidity on the rate 
of degradation of tin-weighted silk it is to be expected 
that the rapid decrease in strength of this silk on ir- 
radiation is due mainly to oxidation by activated oxy- 
gen, rather than by hydrogen peroxide. This is 
supported by the results given in Table TX, which 
show that tin-weighted silk does not significantly af- 
fect the degradation of undyed silk simultaneously 
irradiated in its proximity. 


Protective Effect of Tannin and Thiourea 


The photochemical degradation of dyed and un- 
dyed silk can be reduced by treating the silk, before 
exposure, with tannin [8] or thiourea [9]. One of 
the functions of these protective agents is to reduce 
the effect of the volatile oxidizing agent (hydrogen 


+ no 
So oO 


% LOSS IN TENSILE STRENGTH- 
3 


L0G,, PO, (OXYGEN PRESSURE IN MM.HG) 


Fic. 2. Tin-weighted silk exposed to sunlight at 
different pressures of dry air and oxygen. 


% Loss in tensile strength 
Tin-weighted Adjacent 
silk undyed silk 
Tin-weighted silk 74 
Isolated unweighted silk 





peroxide) on the silk. This is clear from the results 
given in Table X, which show the effect of the prox- 
imity of dyed silk on the photochemical degradation 
of (a) untreated, undyed silk, (b) undyed silk treated 
with tannin, and (c) undyed silk treated with thio- 
urea. The degradation of the undyed, untreated silk 
is markedly increased by the presence of the dyed 
yarns, but the effect of the volatile peroxide is largely 
annulled by the tannin or thiourea. It is not certain 
whether the effect of these latter substances is to in- 
crease the stability of the silk to oxidation, or whether 
the protective agent itself suffers the oxidation which 
would normally be undergone by the silk. Some sup- 
port for the latter hypothesis is afforded by the ob- 
servation that the protective effect of tannin and thio- 
urea diminishes on prolonged exposure [4]. 


Viscose Rayon 


It would be expected that the photochemical degra- 
dation of the cellulosic textiles, viscose rayon and 
cotton, would be very similar in character. ‘There 
is evidence [3, 4] that the degradation of both ma- 
terials, whether undyed or dyed with vat dyes, is due 
to oxidation of the cellulose by oxygen of the air, but 
differences have been observed in the effect of hu- 
midity on the rate of degradation. In an exposure 
to sunlight for five summer months it was found that 
the losses in strength of the yarns in air at O percent 
and 100 percent R.H. were 23 percent and 42 percent 
for undyed cotton, respectively, and 17 percent in both 


* 





TABLE X. Yarns OF UNDYED SILK, UNTREATED AND 
TREATED WITH TANNIN OR THIOUREA, AND DYED SILK 
EXPOSED IN ArR AT 100% R.H. To SUNLIGHT FOR 

8 WEEks (ApRIL—MAy) 





% Loss in tensile strength of 
adjacent undyed silk 


Dye Untreated Tannin  ‘Thiourea 


Cibanone Yellow R 68 
Cibanone Orange R 70 
Durindone Orange R 69 
Durindone Scarlet Y 62 
Isolated undyed yarn 34 
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TABLE XI. ComposirE YARN LAYERS OF UNDYED AND 
DyED VISCOSE RAYON EXPOSED IN AIR TO SUNLIGHT 
FOR 8 WEEKS (ApPRIL—MAy) 





% Loss in 
tensile strength 
Adja- 
cent 
Dyed undyed 
vis-_-vis- 
cose cose 
rayon rayon 


Fluidity rise 


Adja- 
cent 
undyed 
viscose 
rayon 


Dyed 
viscose 


Dye rayon 


Cibanone Yellow R 74 46 —- 
Cibanone Orange R 49 15 

Caledon Yellow 5G 48 

Indanthrene Yellow FFRIX 41 

Caledon Gold Orange G 17 

Isolated undyed viscose rayon 
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atmospheres for undyed viscose rayon. Although the 
two textile fibers are very similar chemically, the 
small effect of humidity on the degradation of viscose 
rayon is 1n marked contrast to its effect on that of 
cotton. Results have been given in a previous paper 
[4| for the rate of degradation of viscose rayon dyed 
with active vat dyes, such as Cibanone Orange R, 
Cibanone Yellow R, Caledon Yellow 5G, and Indan- 
threne Yellow FFRK. 
effect on the photochemical degradation of cotton 


Humidity has a considerable 


dyed with these dyes [3], but the loss in strength of 
viscose rayon dyed with them is generally only 
slightly increased by humidity. Viscose rayon dyed 
with Cibanone Yellow R is an exception to this, and 
here the strength loss is much greater in humid than 
in dry air. 

The effect of irradiating composite layers of dyed 
and undyed viscose rayon was studied, and, in the 
main, the results obtained with viscose rayon dyed 
with Cibanone Yellow R resembled those of similar 
experiments [5] using cotton dyed with an active vat 
dye. In moisture-saturated air the degradation of 
undyed viscose rayon exposed in proximity to viscose 
rayon dyed with Cibanone Yellow R was much 





TABLE XII. Composire YARN Layers or UNDYED Corton 
AND DyEp ViscosE RAYON ExposED IN AIR AT 
100% R.H. to SUNLIGHT FOR 4 WEEKS 
(SEPTEMBER) 








Fluidity rise of adjacent 
undyed cotton 
20.5 
15.6 
16.0 
16.1 


Dye 
Cibanone Orange R 
Caledon Yellow 5G 
Indanthrene Yellow FFRK 
Caledon Gold Orange G 
Isolated undyed cotton 





665 


greater than that of the undyed yarn exposed alone. 
although less than that of the dyed yarn. 

In agreement with similar observations that have 
been made with dyed silk and cotton [5], this 
effect was not observed in dry air or oxygen. In 
moist air the action of the dyed thread on the adja- 
cent undyed thread decreased slightly as the distance 
between them increased, but even when the threads 
were 8 mm. apart a considerable effect was. still 
observed. 

The behavior of viscose rayon dyed with active 
dyes other than Cibanone Yellow R was rather differ- 
ent, and it appeared to be connected with the slight 
effect of humidity on the degradation of these dye- 
ings. The results of an experiment in which com- 
posite layers of dyed and undyed viscose rayon were 
irradiated are given in Table XI. For comparison, 
results obtained with viscose rayon dyed with Ciba- 
none Yellow R are included. Apart from the latter 
dyeing, the effect on the adjacent yarn is small, al- 
though the results of fluidity measurements suggest 
a more definite effect than the breaking-load results. 

In further experiments composite layers of undyed 
cotton and dyed viscose rayon were: irradiated in 
moisture-saturated air. The results, given in Table 
XII, show that the degradation of the undyed cotton 
is enhanced by the presence of the dyed viscose rayon, 
even in those cases where the effect on adjacent un- 
dyed viscose rayon is very slight. The conclusion 
must be drawn that a certain amount of hydrogen 
peroxide is liberated by these dyed yarns. Except 
with the Cibanone Yellow R dyeing, however, the 
amount is not sufficient to cause appreciable degra- 
dation of undyed viscose rayon (Table XI), appar- 
ently because this textile fiber is more resistant than 
cotton to photochemical oxidation by small amounts 
of hydrogen peroxide. Some evidence supporting 
this is provided by the results given in Table XIII, 





TABLE XIII. Composire YARN LAYERS OF UNDYED 
Corton AND ViscosE RAYON, AND Cotton DYED 
WITH CIBANONE ORANGE R EXPOSED IN AIR AT 

100% R.H. to SuNLIGHT FOR 7 WEEKS 
(AuGuUST-SEPTEMBER) 





% Loss in tensile Fluidity rise 
strength 
Adja- Adjacent 
cent undyed 
undyed viscose 
cotton rayon 


Adja- 
cent 
undyed 
cotton 


26.9 4.9 
9.9 1.9 


Adjacent 
undyed 
viscose 

rayon 


Dye 


Cibanone Orange R 50 15 
Isolated undyed yarn 9 10 
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TABLE XIV. DuL_t Nyton DyEp witH DuRINDONE PINK 
FB Exposep TO SUNLIGHT AT DIFFERENT PRESSURES 
OF Dry AIR AND OXYGEN 
(Fluidity of unexposed nylon = 8.5) 








Pressure Log of oxygen % Loss in Fluidity 
(mm. Hg) pressure tensile strength rise 
5X 1073) —3 4 0.2 
0.5 —1 6 0.7 
5 0 8 1.0 
15 Aj 0.5 14 1 
40 ee 0.9 15 1.5 
100 1.3 36 2.9 
250 1.7 59 6.5 
760 2.2 72 7.9 
760 Oxygen 2.9 83 14.1 





which refer to the exposure of undyed cotton and un- 
dyed viscose rayon in proximity to cotton dyed with 
Cibanone Orange R. It is seen that the effect of the 
dyed cotton on the degradation of the undyed yarn is 
much less marked with the viscose rayon than with 
the cotton, particularly when the strength figures 
are compared. As with the results recorded in Table 
XI, the effect on adjacent undyed viscose rayon is 
most noticeable when the fluidity measurements are 
considered. 

It would seem that when there is a large increase 
in degradation of the dyed yarn due to the effect of 
humidity, as with the dyeing of Cibanone Yellow R, 
much of the degradation under normal conditions is 
caused by oxidation of the viscose rayon by hydro- 
gen peroxide. In cases in which the effect of hu- 
midity on the rate of degradation is small, it would 
appear that most of the degradation is due to oxida- 
tion by activated oxygen. 


Nylon 


The photochemical degradation of nylon, whether 
undyed or dyed with vat dyes, is due to oxidation of 
the polymer by the oxygen of the air. This has been 
shown by measurements of the tensile strength and 
fluidity of meta-cresol solutions of nylon yarns which 
have been irradiated in oxygen-free gases and in 
atmospheres at different oxygen pressures. Some 
results for undyed nylon, delustered with titanium 
dioxide, and for dyeings on the “dull” and “bright” 
(free from delustrant) yarns have been presented in 
a previous paper [4]. Table XIV gives some data 
which illustrate the relationship between the degrada- 
tion of dull nylon dyed with Durindone Pink FB and 
the oxygen pressure of the surrounding atmosphere. 
In this experiment the nylon was exposed simultane- 











TEXTILE RESEARCH JOURNAL 












TABLE XV. ComposirE YARN LAYERS OF UNDYED (yp 
Dyep NYLON ExposeED IN Air AT 100% R.H. to 
SUNLIGHT FOR 5 WEEKS (AUGUST) 














% Loss in tensile strength 
Bright nylon Dull nylon 







Adjacent Adjacent 
Dyed undyed Dyed — undyed 
Dye yarn yarn yarn yarn 
Cibanone Yellow R — — 100 7 
Caledon Yellow 5G 72 3 88 6 
Durindone Orange R 93 4 100 11 
Isolated undyed nylon 5 i 








ously in dry air at different pressures and in dry oxy- 
gen at atmospheric pressure, and the loss in strength 
of the yarns as well as the fluidity (this was taken 
as 100/relative viscosity) of 4 percent solutions in 
meta-cresol, was measured. The results are plotted 
in Figure 3 with the logarithms of the oxygen pres- 
sure as abscissas. Very similar results to those given 
for the dyeing of Durindone Pink FB have been ob- 
tained with several other dyeings on dull and bright 
nylon. 

The effect of humidity on the degradation of dyed 
and undyed nylon has been shown [4] to be small, 
and it would therefore be expected, in accordance 
with the views that have already been developed, that 
the presence of dyed nylon would not significantly 
affect the degradation of adjacent undyed nylon. 
This is borne out by the results given in Table XV, 
which includes data for dyeings on both bright and 
dull nylon. 

Similar experiments in which composite layers of 
undyed nylon and cotton dyed with Caledon Yellow 
5G were exposed to sunlight showed that the per- 
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Fic. 3. Dull nylon dyed with Durindone Pink FB 
exposed to sunlight at different pressures of dry air and 
oxygen. 
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TABLE XVI. ComposiTE YARN LAYERS OF UNDYED COTTON 
AND NYLON, AND Cotton DYED WITH CALEDON 
YELLow 5G Exposep IN Air At 100% R.H. 
TO SUNLIGHT FOR 6 WEEKS 
(AprIL—May) 


% Loss in tensile strength 
Adjacent Adjacent 
undyed undyed 
bright dull 
nylon nvlon 





Adjacent 
undyed 
Dye cotton 


Caledon Yellow 5G 40 
Isolated undyed yarn 16 


oxide given off by the dyed cotton on irradiation had 
little effect on the nylon (Table XVI). Under com- 
parable conditions it was, however, capable of causing 
marked degradation of adjacent undyed cotton. 

In view of the different effect of the volatile oxi- 
dizing agent on nylon and cotton, it was desirable to 
investigate the effect of vat-dyed nylon on the photo- 
chemical degradation of adjacent undyed cotton. 
The results (Table XVII) of such experiments show 
that the degradation of undyed cotton is substantially 
increased by the presence of the dyed nylon, and it 
must therefore be concluded that on irradiation in 
humid air the latter produces appreciable quantities 
of hydrogen peroxide. As with dyed silk, the effect 
is not confined to those dyes which are commonly re- 
garded as active on cellulosic textiles, but occurs 
with all the vat dyes which increase the photochem- 
ical degradation of nylon to a marked extent. Dyes 
such as Caledon Yellow G and Durindone Pink FB, 
which are very active on nylon, but much less so on 
cellulosic fibers, produce an effect comparable with 
Caledon Yellow 5G. As can be seen from the ac- 
companying data on the loss in strength of the dyed 
nylon in dry and humid air, there is no substantial 
increase in the degradation of the nylon due to water 
vapor, even though there is a marked effect on the 








TABLE XVIII. ComposirE LAYErRs or UNpyED CoTTon 
\ND BRIGHT NYLON, AND DyED YARNS EXPOSED IN 
Arr At 100% R.H. to SUNLIGHT FOR 

6 WEEKs (ApRIL—MAy) 





% Loss in tensile 
strength 
Adjacent 
undyed 
bright 
nylon 


Cotton dyed with Cibanone Orange R 9 42 
Silk dyed with Cibanone Orange R 19 60 
Viscose rayon dyed with Cibanone Yellow R 29 67 
Isolated undyed yarn 5 16 


Adjacent 
undyed 
cotton 
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TABLE XVII. ComposirE YARN LAYERS oF UNDYED 


Cotton AND DyED NYLON ExposeD IN AIR AT 0% 
AND 100% R.H. ro SuNLiGHT FOR 8 WEEKS 
(AuGUST-SEPTEMBER) 


Air at 100% R.H. 
Adjacent undyed 
cotton 
% Loss in 
tensile Fluidity 
strength rise 





% Loss in tensile 
strength of 
dyed nylon 


0% 100% 
Dye RH. RH. 


Cibanone Yellow R 84 92 45 
Cibanone Orange R 69 80 50 
Caledon Yellow G 71 82 37 
Caledon Yellow 5G 83 90 38 
Caledon Gold OrangeG 82 86 38 
Durindone Orange R 80 92 47 
Durindone Pink FB 79 93 37 
Ciba Yellow G 66 72 30 
Isolated undyed cotton 19 
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adjacent undyed cotton. Similar results were ob- 
tained by the irradiation of composite yarn layers 
of undyed cotton and dyeings on bright nylon. 

Although nylon is much more resistant to oxida- 
tion by the volatile peroxide than is cotton, it must 
not be assumed that it is completely immune from at- 
tack. 
degradation of adjacent undyed cotton may be re- 
garded as some measure of the amount of peroxide 
produced by the dyeings. On this basis it was pos- 
sible to select from the samples that have been used 
in this work three dyed yarns—cotton dyed with 
Cibanone Orange R, silk dyed with Cibanone Orange 
R, and viscose rayon dyed with Cibanone Yellow R 
—which produced different amounts of peroxide. 
The effect of these dyeings on the photochemical deg- 
radation of adjacent yarns of undyed cotton and ny- 
lon is illustrated in Table XVIII. With the bright 
undyed nylon, the action is very small with the dyed 
cotton, larger with the dyed silk, and appreciable 
with the dyed viscose rayon. On the other hand, 
there is a considerable effect on the undyed cotton 
with all the dyed yarns, the action increasing in the 
same order as with the undyed nylon. It would 
therefore seem that whereas nylon is resistant to cer- 
tain concentrations of peroxide, larger amounts may 
cause appreciable degradation. 


The effect of dyed yarns on the photochemical 


Experimental Procedure 
Yarns 
The yarns consisted of: (a) 90s/3 hosiery yarn of 
combed Egyptian (Sakel) cotton, scoured with caus- 
tic soda under pressure and bleached with sodium hy- 
pochlorite ; (>) viscose rayon yarn prepared by twist- 
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ing together three threads of Courtaulds’ A Quality 
150-denier yarn, scoured with soap and ammonia; 
(c) silk yarn prepared by twisting together four 
threads of Japanese tram, degummed in soap solu- 
tion; the denier of the degummed yarn was about 
190; (d) nylon yarn prepared by twisting together 
four threads of 45-denier, 13-filament, American ny- 
lon, scoured with soap and ammonia; the dull yarn 
contained 0.33 percent of titanium dioxide, and was 
nominally of the same specification as the bright yarn. 
The viscose rayon, silk, and nylon yarns used in this 
work were especially made by folding yarns of com- 
mercial preparation in order to obtain coarser prod- 
ucts that were easier to manipulate, and of relatively 
high breaking load. 


Dyes, Dyeing Methods, and After-Treatments 


The vat dyes were commercial brands, and the 
yarns were dyed in an alkaline hydrosulfite vat con- 
taining the dye in its soluble reduced form. The 
leuco-dyeings were allowed to oxidize in the dark 
under the influence of the air, and the oxidized dye- 
ings were finished by soaping. The details of the 
dyeing methods for cellulose fibers are described by 
the dye makers and for other fibers they were varied 
according to expediency; silk yarns were generally 
dyed at the ordinary temperature, and nylon yarns at 
90° to 100°C. The tensile strength of the vat-dyed 
silk showed that the fibroin was not appreciably de- 
graded by the action of alkali in the dye bath. Full- 
shade dyeings were used for these experiments, al- 
though the concentration of the various dyes in the 
different materials varied to a certain extent. Esti- 
mates of the concentration of dyes in the dyed yarns 
used in this work were recorded in Table X of a pre- 
vious paper [4]. 

For the tin-weighting, the silk yarn was treated 
with a stannic chloride solution (352 g./l.), washed, 
treated with a solution of disodium hydrogen phos- 
phate (150 g./1.), and again washed. In other treat- 
ments the silk yarn was (a) steeped in a 5-percent 
aqueous thiourea solution for 20 minutes at 35°C, 
squeezed, and dried without rinsing; and (0) steeped 
in a l-percent aqueous tannic acid solution for 75 
minutes at 70°C, washed, and dried. 


Exposure Technique 

The yarns were exposed as a single layer in cells 
made partly or entirely of glass in which the compo- 
sition of the atmosphere, its pressure, and _ relative 
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humidity could be controlled. A general description 


of these cells has already been given [3]. Exposures 
were made to sunlight behind glass in a sun gallery 
facing south, at Didsbury, Manchester, England, the 
samples always being exposed at an angle of 45° to 


the horizontal. 

In many experiments the irradiated sample con- 
sisted of a single layer of yarn in which dyed threads 
alternated regularly with threads free from dye, there 
being no contact between the two kinds of threads. 
These sheets of yarn were prepared by wrapping a 
card with the dyed yarn so that successive turns in 
the winding were separated by about 0.6 mm. The 
card was then further wrapped with the undyed yarn 
so that each turn in the second winding fell halfway 
between successive turns in the first winding. Thus 
every undyed thread in the resulting sheet of yarn 
was flanked on each side by a dyed thread which was 
about 0.3 mm. from it. This yarn spacing was used 
in all the experiments unless otherwise stated. When 
intermingled yarns were used with a greater spac- 
ing than 0.3 mm., the dyed and undyed yarns were 
mounted separately at measured distances apart on 
two thin strips of cardboard, one at each end of the 
threads, to which they were cemented. The card- 
board strips were then fixed to a glass frame which 

vas fitted inside the exposure cell. 

In the exposures at reduced pressures, mercury- 
vapor and rotary pumps were used to evacuate the 
cells exposed at pressures of 5 X 10° mm., and 0.5 
mm. mercury, respectively. These cells were evacu- 
ated for at least 20 hours before exposure and con- 
tinuously during the exposure from 9 :30 A.M. to 5:30 
P.M. on weekdays. Exposure was discontinued at 
the week ends. The cells exposed at pressures from 
5 to 250 mm. mercury were evacuated for 20 hours 
before exposure, filled with dry air, and the pressure 
was then reduced to the required value. Every alter- 
nate day these cells were filled with dry air and the 
pressure was again reduced to the required value. 


Measurement of Degradation 


The methods used to study the degradation of the 
textiles included measurements of tensile strength 
and of the fluidity of solutions of the textiles in suit- 
able solvents. The fluidity (in c.g.s units) of solu- 
tions of the cellulosic textiles in cuprammonium hy- 
droxide was determined in the usual manner [1, 2], 
using 0.5-percent solutions of cotton and 2-percent 
solutions of viscose rayon. Measurements (Table 
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XIII) of the viscosity of 4-percent solutions of nylon 
in meta-cresol were made at 20°C. The results are 
expressed in terms of fluidity = 100/relative vis- 
cosity of the nylon solution. Under the particular 
experimental conditions the relative viscosity of a 4- 
percent solution of undegraded nylon dyed with 
Durindone Pink FB was 11.8 and the fluidity was 8.5. 

Measurements of tensile strength were made on a 
Goodbrand single-thread tester in an atmosphere at 
65 percent R.H. and 70°F. The results given are 
based on the mean of 25 breaks, usually with a test 
length of 12 cm. 
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Adsorption of Surface-Active Agents by Fibers® 


J. C. Harris 
Central Research Department, Monsanto Chemical Company, Dayton, Ohio 


TextILe FIBERS have probably been recog- 
nized longer than surface-active agents, but both are 
of ancient origin. Consequently, it might be expected 
that their mutual effects would have been well ex- 
plored and recorded, although new synthetic fibers 
and even newer synthetic surface-active agents might 
perhaps have changed the picture. 

Surface-active agents are used with textile fibers 
ior several purposes: detergency (or cleansing), wet- 
ting, dye leveling, softening, dye setting, and so on. 
Considerable data are available from the literature 
concerning either fibers or surface-active agents alone, 
but fewer papers have been published the subject of 
which is the effect of fibers upon preferentially ad- 
sorbing the agents from solution. This paper will be 
confined to the ability of textile fibers to remove sur- 
face-active agents from solution, will review pertinent 
data relating to this removal, and will indicate the 
probable mechanisms involved. 


This paper was presented before the Fiber Society, Fon- 
tana Village, North Carolina, April, 1948. 


Surface-Active Agents 


Recent interest in surface-active agents has in- 
creased because natural fats and oils have become 
more scarce, manufacturing techniques for synthetics 
have improved, and new, powerful agents have been 
developed which are much superior in many respects 
to the older products. 

The types of surface-active agents with which this 
paper will be concerned may be considered as anionic, 
cationic, and nonionic in nature. The anionics are 
exemplified by soap (e.g., sodium stearate), alkyl 
aryl sulfonates, and fatty alcohol sulfates. The most 
common cationic-type agents are the quaternary am- 
monium compounds such as aryl trialkyl ammonium 
halides and alkyl pyridinium halides. The nonionic 
materials are best known as alkyl polyethylene oxide 
derivatives. 

The effectiveness of surface-active agents is based 
upon their ability to be oriented at interfaces. For 
example, a surface-active agent foams because the 
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surface-active agents. 


molecules are oriented at the solution-air interfaces, 
forming a more or less stable system. In the case of 
emulsions, the surface-active agents orient themselves 
toward the oil droplet so that the oil contains the hy- 
drophobic portion of the surface-active molecule, leav- 
ing the hydrophilic portions within the solution. The 
size and kind of the hydrophilic and hydrophobic 
portions of the molecule are highly important. 
For example, with the alkyl aryl sulfonate compound 
solubility is increased with decreasing length of alkyl 
side-chain, so that for ~ very soluble agent a short 
alkyl chain is indicated, whereas for a less soluble 
compound a longer alkyl side-chain is required; the 
activity also varies with length of the side chain. With 
the quaternary ammonium halides the length of the 
substituent alkyl group or groups is likewise of im- 
portance, in the same directions and for the same 
reasons. The effects produced with the nonionic- 
type surface-active agents are not so well defined, 
except that the relative solubility is affected by the 
hydrophobic alkyl group as well as by the number of 
ethylene oxide or other hydrophilic linkages of which 
they are comprised. 

The various surface-active agents exhibit the spe- 
cific effects they do because of their inherent struc- 
ture. An agent such as dodecyl benzene sodium sul- 
fonate (Figure 1) is called anionic because the 
surface-active portion of the molecule is ionically 
negatively charged. Conversely, cationic agents, ex- 
emplified by cetyl pyridinium bromide, are oppositely 
charged (hence are called “inverted soaps”), and 
possess considerably different physico-chemical and 
chemical properties. Both types of materials have 
been fairly widely investigated, the cationics more re- 
cently, although the nonionics are, relatively speaking, 


newcomers to the field. 








TEXTILE RESEARCH JOURNAL 







iad ‘ CoH,0 weenee OCHS OH 





H H H H 
0 0 ry ry 
H H H H 


Fic. 2. Water solubilization of nonionic agent [23]. 

The anionic and cationic agents ionize to form 
definitely charged solutions and as such have rightly 
been termed “colloidal electrolytes.” In contradistinc- 
tion, the nonionics are said to be nonelectrolyte in 
character. The reason for such designation is fairly 
obvious, but if nonionics are un-ionized, it would be 
difficult for them to exhibit certain colloidal proper- 
ties which they do. Examination of Figure 2 [23 
will show that nonionics attain their water solubility 
through the multiplicity of ether linkages, which by 
hydrogen-bonding gives the desired results. Exami- 
nation will show essentially no possibility for ioniza- 
tion, but because these agents form micelles (which 
can possess definite electrophoretic charges) they 
possess a weak but nevertheless effective charge. 
These agents may be likened to an almost perfectly 
neutral and unbuffered material which assumes the 
same charge as the medium in which it is used. 

The characteristics of surface-active agents which 
are likely to affect their degree of adsorption by fibers 
are: (1) degree of surface activity, (2) degree oi 
solubility, (3) critical concentration for micelle for- 
mation, (4) degree of ionization, and (5) electro- 
phoretic charge. 





Textile Fibers 


Textile fibers likewise exhibit certain character- 
istics which are likely to affect the adsorption of sur- 
face-active agents : the presence of chemically reactive 
groups, electrophoretic charge, and the presence of 
chemically reactive substances either as a result of 
chemical action or of deposition by intent. 

The physical characteristics of textile fibers have 
been extensively explored and their general qualities 
are known, but since many of them are natural prod- 
ucts they are subject to variation induced by seasonal. 
regional, and species variations. Natural cotton, linen. 
wool, and silk, and synthetic regenerated cellulose and 
cellulosic esters, as well as proteinaceous materials. 
possess certain chemical qualities of interest. 

Cotton, linen, and regenerated cellulose in general 
possess the cellulosic structure. When mercerized, 
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cotton is more sensitive to dye adsorption than a sim- 
ilar unmercerized fiber, and regenerated cellulose has 
a somewhat different physical structure which is 
more uniform and lacking in pores. Heymann and 
McKillop [9] note that cotton purified by acids con- 
tained H-ions available for exchange and attributed 
these to stray carboxyl groups in the cellulose mole- 
cule. 

Obviously, if there are H-ions available for ex- 
change, then normally unreactive cotton fiber could 
react with surface-active agents, resulting in an ap- 
preciable adsorption. 

The present use of resinous treating agents on all 
types of textile fibers can obviously change the normal 
picture, particularly when “animalization” of cotton 
fiber is resorted to. This paper does not consider 
these possibilities, but concerns only “‘normal’’ fibers. 

Proteinaceous fibers contain many chemically re- 
active groups and Speakman and his associates [21 | 
have shown the structure of wool fiber to consist of 
micelles composed of long peptide chains bridged by 
cystine and salt linkages. 

These highly reactive and numerous acidic and 
basic groups present in proteinaceous materials would 
tend to cause them to preferentially adsorb much 
larger amounts of surface-active agents than other, 
less reactive fibers which react by mechanisms of 
much lower potential. 

Another characteristic of fibers is their electro- 
phoretic charge. Cotton in general has a negative 
charge, but because wool is amphoteric in nature it 
may develop either fairly strong positive or negative 
charges. Palmer [17], for example, showed that wool 
was washed well in solutions above pH 7 with an 
anionic detergent with the zeta-potential of the wool 
negative, but washed badly in solutions of pH below 
4.5 with the zeta-potential positive. He furthermore 
demonstrated that the opposite effect was true when 
washing with cationic agents. 

Since electrophoretic charges are of such low po- 
tential, the degree of adsorption resulting from this 
phenomenon would be much reduced as compared 
with that of a fiber in which direct interchange of 
ions can take place. Nevertheless, neutralization and 
anchoring of positively charged surface-active agent 
by negatively charged fibers can take place, although 
it should be obvious that the tenacity of such union 
would be much lower than the acid-base type of ad- 
sorption. Consequently, the desorption characteris- 
tics of the two types of adsorption phenomena will 
vary radically. 









Adsorption Values 


To simplify this discussion, an attempt will be made 
to segregate the data first according to the fibers in- 
volved and secondarily according to the surface-active 
agents adsorbed. 

In an adsorption by “normal” fibers, precondition- 
ing to remove soil, oil, or other contaminants, fol- 
lowed by conditioning to attain a known content of 
moisture, is necessary if reproducible and valid re- 
sults are to be obtained. There are, however, a num- 
ber of precautions to be observed, for if even a mild 
acid or alkali has been used, results may be consider- 
ably influenced. The degree of rinsing or use of rins- 
ing assistants may result in variance in fiber samples. 

It is obvious that the history of the sample should 
be known, but this often is neglected by the investi- 
gator as having little or no bearing upon the data he 
expects to obtain. Much variation in data obtained 
may be attributed to this one, very simple, but im- 
portant, preliminary to the determination of adsorp- 
tion. 

It may perhaps be decided that a fiber sample shall 
be used which is representative of some step in manu- 
facturing procedure. If this is the case, then time, 
temperature, concentration, pH, and ratio of solution 
to fiber weight must be controlled to what may be 
plant procedure. Otherwise, arbitrary conditions 
must be set, but since adsorption can be dependent 
upon time and other interdependent conditions, these 
should be fully defined. Lack of definition of these 
conditions may account in part for variations noted 
in the literature. 

No attempt was made to outline the analytical 
methods used in the determination of surface-active 
agent adsorbed, except as the method affected the 
calculation of results. Experience indicates that the 
accuracy of the analytical method used for determi- 
nation of the removal of agent from the bath is of 
primary importance. Presumably the methods were 
carefully pre-evaluated for use by each of the in- 
vestigators quoted, since this obviously has very im- 
portant bearing upon the reliability of the data ob- 
tained. 


I. Cotton 


Because of its widespread use for centuries it might 
be expected that much data on the adsorptive capacity 
of cotton would be available, but this does not seem 


to be true. 








ADSORPTION OF BUILT SoaP 
(Colt and Snell [7 ]) 


TABLE I. 





“% Soap—Basis, weight of cotton 
70% Soap—30% Builder 0.1% Total conc. 
% Initial 
“% Total % Initial alkaline 
detergent soap salt 
adsorbed adsorbed adsorbed 


0.21 0.21 - 
0.15 0.21 nil 


Solution 


0.07 soap 

0.07 soap+0.03 trisodium 
phosphate 

0.07 soap+0.03 sodium carbonate 

0.07 soap +0.03 tetra sodium 
pyrophosphate 

0.07 soap+0.03 buffered hexameta 0.16 
phosphate 

0.07 soap+0.03 “‘N”’ silicate 0.17 0.24 nil 

0.07 soap+0.03 neutral soda 0.17 0.24 nil 

0.07 soap +0.03 metasilicate 0.17 0.24 nil 


0.15 0.22 nil 
0.16 0.22 nil 


0.23 nil 





Anionic Agents. The adsorption of castile soap 
from 0.5% solution in 48 hours was shown as follows 
by Woodmansey | 24], calculated as the percentage of 


fatty acid adsorbed by the fabric: 


1.4% 
0.4% 


Cotton wool 
Cotton cambric 
Colt and Snell [7] carried out a considerably more 
enlarged program, using an 80-20 tallow-coconut 
soda soap. From a 0.100% soap solution the follow- 
ing adsorption by the fiber was found: 


Fiber % Adsorption 

Cotton 1.95 

Rayon 0.76 
These authors observed that maximum adsorption on 
cotton occurred at 55°C, which suggests that this is 
related to the forms of svap (true solution to micelle 





TABLE II. 





Investigator 
Woodmansey [24 ] Castile soap 
Castile soap 


80-20 Tallow-coco 
80-20 Tallow-soap 


Colt and Snell [7] 


Sodium oleate 


Neville and Harris [14] 
Aicken [2] Secondary alkyl sulfate 
Ackley [1] 


Blow [6] 


Agent 


Alkyl dimethyl benzyl ammonium chloride 


Cetyl pyridinium bromide 
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state) in equilibrium at that particular temperature. 
With respect to the effect upon adsorption of lengt) 
of the fatty acid chain, they found that a C-12 soap 
was adsorbed to the extent of about 0.9%, maximum 
adsorption occurring with fatty acids of C-14 through 
C-18 in carbon chain length. 

Colt and Snell also found that the addition of soap 
builders affected the degree of adsorption by cotton, 
which they attributed to micelle formation at a 
lowered concentration. The builder combinations are 
shown in Table I. In general, there was a decrease 
in the total amount of detergent adsorbed, comparing 
the built composition with soap alone, and the amount 
of alkaline salt adsorbed was essentially nil. 

Neville and Harris [14] demonstrated that cotton 
adsorbed 0.011 millimol of oleic acid in 24 hours at 


room from an 0.25% sodium oleate 


temperature 
solution. 

The foregoing data, reduced to a common basis for 
comparison, are shown in Table II. The values for 
soap vary from 0.32% to 1.95%, which is undoubt- 
edly attributable to the compositions of the soaps in- 
vestigated and to some considerable extent to the 
conditions observed during the adsorption, to the 
condition of fiber or fabric, and perhaps to the method 
used for estimation of the soap removed from solu- 
tion. 

The only reference found in the literature concerning 
another anionic agent was that of Aicken [2], who 
demonstrated that 2.06 milliequivalents of a secondary 
alkyl sulfate (mol. wt. 317) were adsorbed per 100 g. 
of dry cotton fiber. These data are shown in Table II, 
comparatively, with soap. This agent was adsorbed 
to the same extent as soap and, with but one excep- 





ADSORPTION BY COTTON 





% Agent 
adsorbed— 
Basis, weight 
Material of cotton 


Cotton wool 
Cotton cambric 


Cotton sheeting 
Rayon 


Fiber 
Fiber 
Yarn 


Fiber 
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TABLE III. ApbsSORPTION OF FIXANOL BY 
CELLULOsIC Fipers [11] 








Percentage Adsorbed in 15 Minutes at Room Temperature 
from 0.1% Solution (4 g. Fiber/50 MI. Solution) 
Fiber Acid Neutral Alkaline 


Cotton 0.75 > 1.06 
Jute >0.875 > 1.06 
Flax 0.50 0.725 
Kapok >0.875 > 1.06 
Viscose 0.188 0.55 
Celanese 0.125 0.55 


> 1.06 
> 1.06 
0.713 


0.50 


tion, the anionic agents gave lower percentage ad- 
sorption than the cationic agents, although not a great 
deal of information on this subject has been developed. 

Cationic Agents. Ackley [1] showed that during 
the brief period of the Draves test cotton adsorbed 
an average of 1% of active material (based on the 
cotton weight) from an 0.4% solution of alkyl di- 
methyl benzyl ammonium chloride. 

Extensive investigation of Fixanol (cetyl pyridin- 
ium bromide) by Blow [6] with cellulosic fibers in 
acid, neutral, and alkaline media yielded the data of 
Table III. The data given by Blow indicate that cel- 
lulosic fibers vary considerably in their degree of ad- 
sorption for cetyl pyridinium bromide, but the maxi- 
mum amount adsorbed remains relatively low, re- 
gardless of the pH of the solution observed. 


Il. Fibers Other Than Cotton or Wool 


Woodmansey [24] demonstrated that spun silk 
yarn adsorbed 1.8% castile soap from an 0.5% solu- 
tion in 48 hours, whereas Neville and Harris [14] 
found that silk adsorbed 0.114 millimol of oleic acid 
irom an 0.25% solution of sodium oleate at room tem- 
perature. Colt and Snell [7] showed that silk ad- 
sorbed 1.11% of an 80-20 tallow-coconut oil soap 
irom an 0.100% solution. 

Table IV shows the foregoing data calculated to a 


common basis. Interestingly enough, the percentage 


TABLE IV. ApsorpTion BY SILK 





% Agent 

adsorbed- 
Basis, 
weight 
Material of silk 


Fiber 1.8 
Fiber 0.34 





Investigator Agent 


Woodmansey [24] 

Neville and Har- 
ris [14] 

Colt and Snell [7] 


Castile soap 
Sodium oleate 
80-20 tallow-coco ‘Fabric 1.11 
soap 
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TABLE V. ApsorRPTION OF SECONDARY ALKYL SULFATE 
AG 222°C 


At 222°C, 
adsorption 
milliequivalents 
100 g. dry fiber 


Wool 6.80 
Silk 4.95 
Deaminated wool 3.61 
Nylon 2.44 
Cotton 2.06 
Initial conc. 0.222 * 10°37 N 


(¢ Adsorption— 
Basis, drv fiber 


— me KO 


o 
Oi a mo. 


S 
Ane ue 


of soap adsorbed by silk, a proteinaceous material, 
closely approaches that of cotton. No data were 
found concerning adsorption by cellulose acetate, ny- 


lon, or regenerated protein fibers. 


III. Wool 


Probably because of its inherent nature, wool has 
been the subject of more investigational work con- 
cerning adsorption than any other single fiber. 

Anionic Agents. \Woodmansey’s work [24] indi- 
cated that a cross-bred serge adsorbed 3.6% castile 
soap; that of Neville and Harris [14], an adsorption 
of 0.040 millimol of oleic acid from a 0.25% sodium 
oleate solution by wool; and that of Colt and Snell 
[7], 6.0% adsorption from their tallow-coconut oil 
soap solution. 

LeCompte and Creely [10] tested seven anionic 
agents at pH values of 1, 7, and 12; these showed 
adsorption at pH 1 of 32-80%, at pH 7 of 17-67%, 
and at pH 12 of 148%. A gravimetric method was 
used for estimating the removal from solution; the 
wool was exposed for 25 hours at 20°C in a solution 
twenty times the bone-dry weight of the wool. How- 
ever, the method for the determination of adsorption 
employed by them makes it difficult to use the data 
except as indicative. 

Aicken |2], investigating secondary (mol. wt. 317) 
and straight-chain (mol. wt. 357) sodium alkyl sul- 
fates, demonstrated that the maximum adsorption oc- 
curred with the straight-chain compound, amounting 
to 13.30 milliequivalents per 100 g. dry wool. The 
secondary alkyl sulfate was adsorbed to the extent of 
10.63 milliequivalents under the same conditions of 
test. He found that the lower molecular-weight por- 
tions of the mixtures were more readily adsorbed, the 
effect being more pronounced as the temperature was 
The presence of electrolyte increased the 
Wool was distinguished by 


increased. 
degree of adsorption. 
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‘TABLE VI. Absorption By Woo. 








adsorbed 
Basis, weicht 
Investigator Agent Material of wool 
Woodmansey [24 } Castile soap Cross-bred serge 3.6 
Neville and Harris [14] Sodium oleate Fiber £2 
Colt and Snell [7] 80-20 Tallow-coco soap Fabric 6.0 
Aicken [2] Normal sodium alkyl sulfate Fiber 4.75 
Secondary sodium alkyl sulfate Fiber Io7 
Blow [6] Cetyl pryidinium bromide Fiber 0.625 
LeCompte and Creely [10] Two nonionic agents Fiber 0.4-2.8 





% Agent 



















showing an increase in adsorption over a long period 
of time as compared with cotton, which did not. 
Table V gives the data obtained by Aicken with care- 
fully pretreated fibers and secondary alkyl sulfate; 
these data have been converted to the percentage 
basis for ease of comparison. 

Cationic Agents. LeCompte and Creely [10] dem- 
onstrated that three cationic agents were adsorbed 
from solutions: at pH 1, 6-62% ; at pH 7, 25-45%; 
and at pH 12, 28-90%. 

Blow [6] showed that cetyl pyridinium bromide 
was adsorbed by wool as follows: 


Wool 
% Adsorbed Chlorinated Wool 
pH (15 min.) % Adsorbed 
3 0.125% 0.50 
6 0.625% 0.812 
10 0.812% >1.06 


No other pertinent data with cationic agents were 
found. 

Nonionic Agents. 
these agents was that of LeCompte and Creely [10], 
who investigated two agents of this type and found 
that 1-7% was adsorbed in the pH range 1-12. 
Compared with their data for anionic and cationic 
agents, this would seem to indicate the relative unre- 


The only reference found to 


activity of this type of agent. 

The foregoing information, reduced to a common 
basis, is shown in Table VI. Even though the ad- 
sorption data for the three soaps were determined 
under varying experimental conditions, it is inter- 
esting that the low-titer soaps were adsorbed to a 
lesser degree than the higher-titer one investigated 
by Colt and Snell [7]. It is probable that, as they 
suggest, this may be attributed at least in part to 
the micellar state of the soaps under investigation. 
Alkyl sodium sulfate appears to be adsorbed to about 
the same extent as a high-titer soap. 









Mechanism of Adsorption 








There are several possible mechanisms of adsorp- 
tion and it is difficult, if not impossible, to differenti- 
ate between them unless the experimental conditions 
have been directed to minimize all effects but one. 
Each of these possible mechanisms will be discussed 
in relationship to the fiber involved, which of course 
represents one of the most important variables in 
adsorption. 

Much excellent work has been accomplished in the 
investigation of micelle formation of surface-active 
agents. Micelles are recognized as existing in lamel- 
lar or ionic forms and the concentration of surface- 
active agent used for adsorption, and the presence or 
absence of electrolytes, can markedly affect the criti- 
cal concentration for their formation. Consequently, 
micelle formation may in many instances be an un- 
recognized factor in adsorption studies. 

Most substances possess an electrophoretic charge 
whose potential may vary considerably. Should a 
fiber possess a positive charge and a surface-active 
agent a negative one, it might be expected that a small 
amount of agent would be preferentially held by the 
fiber. While this may be a possible mechanism, 
there are much stronger forces which are more likely 
to result in adsorption. 

Surface-active agents are so named because they 
exert activity at surfaces by preferential orientation. 
Not only is their concentration greater at the inter- 
faces between the surface-active agent solution and a 
fiber, for example, but the molecule orients. itself. 
hydrophobic end to hydrophobic surface and hydro- 
philic portion to the opposite hydrophilic surface. 
These adsorptions, often termed “chemisorptions,” 
are of an extremely tenacious character. It has beet 
demonstrated that the initial stage of such adsorption 
is the formation of a monomolecular layer of surface- 
active agent. Subsequent overlayers may be formed 
in a systematic manner, but these often are less tena- 
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ciously held than the original layer because the bond 
is between like ends of the same molecule, not be- 
tween strongly dissimilar molecules. 

It is possible, for example, to measure the area of 
water covered by a monomolecular film of an oil- or 
water-insoluble surface-active agent. In this system 
the film may either be compressed (or condensed) 
or free from pressure. In a condensed system of a 
monomolecular layer the molecules would lie in one 
plane, the hydrophilic ends toward the water phase. 
From this could be determined the surface area cov- 
ered by a single molecule of the oil. In reverse man- 
ner, with the molecular weight and cross-sectional 
area of the molecule known, it is possible to calculate 
the total area covered if a condensed film is formed. 

In the case of cotton with a known specific surface 
area, it is possible to calculate the area covered as a 
monofilm by known concentrations of surface-active 
agent. If this mechanism of adsorption were correct, 
there should be good agreement between adsorption 
by determination and calculation. To investigate this 
possibility a rough calculation was made to determine 
the relative percentage of sodium oleate adsorbed, as- 
suming a closely packed condition. The data used, 
and the calculation, follow: 

1. Assume a 0.1% solution of sodium oleate. This 
then would represent 1.99 x 10°! molecules per liter. 


a x 6.06 x 1078 = 1.99 x 10°, or, 1.99 x 107° mol- 


ecules per 100 ml. 

2. The cross-sectional area of sodium oleate per 
molecule is given by Harkins, Mattoon, and Corrin 
[8] as 27A? (27 x 10-16 cm?). The total cross-sec- 
tional area of the soap molecules per 100 ml. of 0.1% 
solution is then 5.37 < 10°cm?. 

3. One gram of cotton has been found to have a 
specific surface area of 2.2 x 10°cm? [5], so that if 
one gram of cotton were to adsorb enough of the 
soap in the 100 ml. of 0.1% soap solution to give a 
monomolecular film in closely packed condition, this 
would amount to all of the soap present, or 0.1 g. of 
soap per gram of cotton. However, since the actual 
adsorbed soap determined totals only about one- 
fourth of this amount, it follows that a closely packed 
monomolecular layer probably is not formed on the 
cotton fiber surface. This does not rule out the pos- 
sibility of an uncompressed monomolecular film, but 
it is a less likely occurrence. 

The above data tend to corroborate the data of 
Neville and Harris [14], who demonstrated that, un- 
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like silk and wool, cotton exhibited no selective ad- 
sorption from soap solutions. None of the other 
data given yield further explanation for the adsorp- 
tion characteristics of cotton, but simply emphasize 
an apparent lack of fundamental information on the 
subject. 

Much work has been done by Speakman [21] in 
elucidating the structure of wool and its chemical and 
physico-chemical reactivity. It is of interest that in 
acid solution the carboxy groups of the salt linkage 
are displaced from combination, the extent dependent 
upon pH, and liberated amino acids combine with 
added acid. He suggests that at a given pH value a 
definite number of R-NH,, ions, where R represents 
the peptide chain and the associated side-chain of 
wool, are available for combinations with anions of 
surface-active agents. Conversely, cationic agents at 
pH values above 7 are more strongly adsorbed. 

Aicken [2], in summarizing his work on wool ad- 
sorption, showed a maximum adsorption of secondary 
alkyl sulfate with wool to the extent of 78.8 mil- 
liequivalents in the presence of 0.1N HCl. Speak- 
man [21] obtained 80 milliequivalents of HCl, 
whereas Steinhardt, Fugitt, and Harris [22] obtained 
80-83 milliequivalents per 100 g. dry wool for HCl, 
and up to 100 milliequivalents for lauryl sulfonic 
acid. All results indicate that the long-chain alkyl 
sulfate ion is involved in the adsorption process and 
that there is chemical combination between the anion 
and the basic side-chains of wool. Desorption of sec- 
ondary alkyl sulfate is slight and is lowered still fur- 
ther by NaCl. Steinhardt, Fugitt, and Harris, how- 
ever, showed a reversible equilibrium with long-chain 
alkyl sulfates and sulfonates as acids. 

Aicken [2] reported that adsorption of soap by 
wool appeared to consist mainly of removal of the 
alkali by reaction with the —COOH groups of wool. 
with consequent deposition of fatty acid on the fiber. 

Working with secondary sodium alkyl sulfate and 
assuming a unimolecular film and a cross-sectional 
area of the alkyl sulfate of 40A*, a surface area of 
2.40 x 10°cm? per gram of dry wool would be re- 
quired. Aicken points out that this is many times the 
value of 1.46 X 10°cm* given as the actual surface 
area per gram of dry wool and concludes that the ad- 
sorption must therefore be more than that required 
just to cover the outer surface of the fiber. It will 
be noted that wool adsorbed 3.37% of this secondary 


alkyl sodium sulfate. 
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Aicken showed that the sodium secondary alkyl 
sulfate was adsorbed preferentially and to an extent 
greater than a simple covering of the outer surface 
of the wool fiber. This explained adsorption from 
neutral solutions on the basis of the basic groups 
acting as active centers, and postulation of the entry 
of long-chain ions between long polypeptide chains 
was not required. In an acidic solution the latter ex- 
planation has to be used since the amount adsorbed 
or reacted is equivalent to the normal acid-combining 
value of wool. The adsorption process, then, is one 
involving the long-chain alkyl sulfate ion chemically 
combined with the basic side-chains of wool. 

Since wool is proteinaceous in nature, it was per- 
haps natural that the interesting problem of prefer- 
ential adsorption of surface-active agents by protein 
matter be more closely investigated with proteins 
more readily processed than wool. 


Protein Adsorption 


Anson [3] showed that proteins may be denatured 
by surface-active agents of either anionic or cationic 
character. Astbury, Dickinson, and Bailey [4] dem- 
onstrated that denaturation of protein was accom- 
plished by unfolding the native protein molecules and 
Lundgren 
agents, 


transforming them into a fibrous state. 
[11] tested surface-active 
showing that a combination of them with egg albumin 
took place. The immediate interest in this mecha- 
nism was the fact that these complexes could be pre- 
cipitated by inorganic electrolytes and that these pre- 
cipitates could then be drawn into filament form. 

-ankhurst and Smith [18] studied the adsorption 
of dodecyl sodium sulfate by hide gelatin in the pres- 
ence of ammonium nitrate. The adsorption was 
found to be continuous until a unimolecular layer of 
the ions was formed, attached by the polar groups 
to the basic N atoms of the protein. Further addi- 
tion of alkyl sulfate was considered to result in the 
formation of a reverse layer with polar groups outer- 
most. Pankhurst and Smith [19] also found evidence 
pointing to the electrostatic nature of the link between 
the dodecyl sulfate anion and the basic groups in the 
protein. 

These authors [20] reported that the addition of 
dodecyl sodium sulfate to gelatin provided complexes 
which show increasing hydrophobic character until 
minimum water solubility is reached. Past this 
point, excess dodecyl sulfate peptizes the complexes. 
Precipitation at minimum solubility corresponds to 
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adsorption of the dodecyl sulfate ions, with their hy- 
drophilic ends attached to the basic sites of the pro- 
tein molecule, and the hydrocarbon chains are left 
free. The peptized complexes appear to have another 
layer of adsorbed dodecyl sulfate ions, with the hy- 
drophilic ends outermost. This view has some cor- 
relation with that of Palmer [16], who suggested 
that an unexplained drop in the detergency of wool by 
Igepon T at increasing pH values was due to reversal 
of orientation of the hydrophobic portion of the mole- 
cule from the water to the wool surface. When this 
occurred, he suggested that the hydrocarbon residue 
faced the water, with a consequent decrease in deter- 
gency. 

Lundgren, Elam, and O’Connell [13] found that 
alkyl benzene sodium sulfonate combined to form a 
complex with both natural and heat-denatured egg 
albumin. Heat-denatured egg protein formed com- 
plexes varying from O-68% surface-active agent. 

-almer [15] calculated that the area per molecule of 
egg albumin covered by a monolayer of the surface- 
active agent would be 5,950A? (384 x 3.3 x 4.7= 
5,950A*). Experimental results showed a maximum 
adsorption of alkyl benzene sodium sulfonate of 68%. 
Palmer calculated the percentage composition of the 
complex, assuming 20A? as the approximate cross- 
sectional area of the surface-active agent. The num- 
ber of surface-active agent molecules packed per side 
of a protein monolayer is then 5,950/20, or about 
298, with 323 as the molecular weight of the agent 
and an average of approximately 43,000 for egg al- 
bumin. The percentage by weight of surface-active 
agent in the complex was then calculated : 








































298 x 323 x 100 
43,000 + 298 x 323 about 69%. 






The primary interaction between proteins and long: 
chain hydrocarbon salts is said to be electrostatic, in- 
volving the basic groups of the protein when anionic 
Lundgren [12] sug- 







surface-active agents are used. 
gests that additional agent can be found, presumably 
by the residue of the agent bound electrostatically and 
by nonpolar forces. The 3:1 ratio by weight of pro- 
tein to detergent corresponds to a ratio of 1 surface- 
active agent ion per basic group, and a 1:3 ratio to 
9 surface-active agent ions for each basic group. He 
indicated schematically that the extra surface-active 
agent attached to that stoichiometrically bound gives 
a distribution of similarly charged groups along the 
peptide chain. 
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In his scheme Lundgren diagrammatically repre- 
sented egg albumin-alkyl benzene sulfonate com- 
plexes, showing that through ion exchange the basic 
groups of protein units form complexes with the sul- 
fonate groups. He pointed out that when all 43 basic 
groups are saturated the complex then contains the 


3:1 ratio of protein to surface-active agent. The 
50-50 composition he suggests occurs through the 
binding of surface-active agent with weak nonpolar 
forces. 

It should be apparent that these investigational data 
from the textile, leather, and synthetic fiber industries 
all have important bearing upon the selective adsorp- 
tion of surface-active agents. 


Summary 


Cotton does not appear to preferentially adsorb 
anionic or nonionic agents from solution, the amounts 
adsorbed representing less than the quantities re- 
quired for a regular, closely packed monomolecular 
film. This view is substantiated because no data 
have been obtained which indicate that adsorption of 
these two types of agents is a function of time. In 
contrast, cationic agents are rapidly and tenaciously 
held, and even though the scientific data are scarce, 
commercial practice and usage would indicate that 
cotton selectively adsorbs these agents from solution. 
Cotton lacks groups which are chemically reactive un- 
less some drastic treatment such as mercerization, ani- 
malization, or treatment with a chemically reactive 
resin has been made to occur. 

In contrast to cotton, wool possesses a markedly 
different physical and chemical structure. _Adsorp- 
tion by wool of anionic and cationic agents proceeds 
over a considerable period of time and in amounts 
exceeding those adsorbed by cotton. Calculation 
shows that in at least one case the adsorption of an 
anionic surface-active agent was considerably in ex- 
cess of the amount needed only to provide a closely 
packed monomolecular layer. With wool, therefore, 
the adsorption is of such degree that a simple mono- 
molecular film does not account for all of the agent 
adsorbed, and further explanation is required. 

Much work has recently been done with egg pro- 
tein and its preferential adsorption of surface-active 
agents because this substance is somewhat simpler to 
process and examine than wool. The ratio of surface- 
active agent to protein covers definite percentage com- 
positional ranges from 25% to 68%, which is said to 
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be due to the available reactive groups and the con- 
stitution of the complexes formed. 

Hide gelatin is analogous to wool, and its adsorp- 
tion of surface-active agent has been found to be 
continuous until a monomolecular layer of the sur- 
face-active ions has been formed, attached by the 
polar groups to the basic N atoms of the protein. 
That this linkage is electrostatic in nature has been 
suggested. The character of these monolayers of 
surface-active agent shows increasing hydrophobicity 
until minimum water solubility is reached. Past this 
point, additional surface-active agent peptizes the 
complexes. It is noted that the point of minimum 
solubility corresponds to adsorption in such a way 
that a layer of hydrophobic hydrocarbon ends is 
produced, the soluble portions of the molecule being 
attached to the basic sites of the protein molecule. 
The peptized complexes then conform to a further 
layer of surface-active agent, hydrophobic end to end, 
the water-soluble end then extending into the aqueous 
layer. 

One portion of the mechanism of adsorption by 
wool of surface-active agents is the combination of 
surface-active ions at some given pH: value with a 
definite number of R-NH,, ions, where R represents 
the peptide chain and the associated side-chain of 
wool. This helps to explain why at certain pH values 
a degree of hydrophobicity results so that detergency 
is reduced, high alkalinity producing lowered de- 
tergent effect with anionic agents and high acidity 
Here 
the mechanism is similar to that noted for hide gela- 
tin. The amount of surface-active acid-ion reacting 
with wool is equivalent to the normal acid-combining 
value of the wool, which further stresses the chemical 
reactivity of wool fiber. However, the data obtained 
with egg albumin and hide gelatin can be projected 
to wool, and greater than monomolecular layers of 


producing lowered effect with cationic agents. 


surface-active agent can be attached to wool in a regu- 
larly oriented manner. 

In general, then, cotton exhibits low adsorption of 
surface-active agents, with the exception of cationics, 
because it does not possess the chemically reactive 
character of wool. Adsorption by wool will depend 
upon pH condition, time, temperature, the specific 
surface-active agent and its molecular arrangement, 
and concentration conditions. The adsorption may 
be beneficial or the reverse, but it will conform to a 
regular pattern attributable largely to the reactivity of 
the wool. 
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Adsorption of surface-active agents by fibers has 
been measured but not in any systematic manner, and 
for only a few of the many more generally used sur- 


face-active agents now available. Desorption char- 
acteristics of these systems were mentioned only in 
two instances [18, 22]. However, the desorption 
phenomenon can be fully as important as the adsorp- 
tion, considering that many of these agents are meant 
to provide semi-permanent textile softening and other 
effects. Free rinsing of detergents or wetting agents 
is another characteristic indicated by desorption data. 
In view of the present scarcity of adsorption data, it 
may be expected that information on desorption will 
become available only when further systematized in- 
vestigation of the former has been completed. Per- 
haps sufficient evidence has been developed to indi- 
cate the mechanism that adsorption takes, but ample 
opportunity remains for a thorough, systematic study 
of the entire subject, which should prove fruitful in 
further elucidating structure and explaining presently 
unexplained phenomena. 
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Deéree of Polymerization, Spiral Structure, and 
Strength of Cotton Fiber 


Lyle E. Hessler,* Marion E. Simpson,* and Earl E. Berkley 7+ 


Abstract 


Cotton fiber from bolls collected on opening and dried in the laboratory without exposure 
to direct sunlight were tested for the following fiber properties: fiber length, fineness, strength, 
spiral structure, and degree of polymerization (D.P.). When these individual properties were 
each correlated with the Pressley strength index in simple correlations, the spiral structure 
and Pressley strength index gave the highest r values, and the degree of polymerization and 
Pressley index the second highest. For variety effects, the D.P. and Pressley index gave a 
higher coefficient of correlation than the spiral structure and Pressley index. Significant r 


I, R. values were obtained between fineness and Pressley index for total and variety effects, between 
fineness and D.P. for all effects, and between spiral structure and D.P. for all effects. Further- 
ce ptr. more, a significant r value was found when fiber length was correlated with chain length (D.P.) 
for total over-all effects. It is concluded that the length of the cellulose molecule (D.P.) is an 
4), important factor in the physical properties of cotton fibers. All multip'> correlations, including 


) 60, the fiber properties used in the simple correlations, were highly significant for varieties within 
locations and for over-all effects. Spiral structure and chain length (D.P.) when correlated 
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with Pressley strength gave the highest coefficient of correlation. 


Corton BREEDERS need, more than ever, new 
methods to aid in selecting better varieties of cotton. 
For many years cottons have been bred and selected 
principally on the basis of yield, in pounds per acre, 
and fiber length. Other criteria were used, but for 
the most part only those cottons with good yielding 
potentialities were considered. More recently, fiber 
strength, structure, fineness, and degree of cell-wall 
thickness, so-called “maturity,” have been taken into 
consideration and designated “fiber character.” 

In recent studies by Webb and Richardson [18], 
Webb [17], Barker [1], Barker and Berkley [2], 
and Berkley and Barker [3], it was pointed out that 
fiber strength is an important factor in the skein 
strength or spinning quality of cotton. It was found 
that the skein strengths of single yarns, particularly 
of coarse counts, may be highly correlated with fiber 
strength. Fiber strength may be measured directly 
or by a study of the fiber structure, particularly the 
spiral of the cellulose crystallites as shown by x-ray 
angles. 

Sisson [15] and Berkley and Woodyard [5] 
showed that the angle of spiral of the cellulose in the 


Division of Cotton and Other Fiber Crops and Diseases, 
Bureau of Plant Industry, Soils and Agricultural Engineer- 
ine, Agricultural Research Administration, U. S. Department 
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cell wall, as measured by x-ray diffraction technique, 
is highly correlated with the fiber strength. Berkley 
and King [4] pointed out, however, that certain va- 
rieties of cotton were consistently stronger than others 
for a given spiral structure. Sea Island and Ameri- 
can-Egyptian cottons are, on the average, about 20,- 
000 pounds per square inch stronger than the Upland 
cottons of the same spiral structure, as shown by the 
x-ray angles. Hessler, Merola, and Berkley [11] 
reported that the length of the cellulose molecules 
(D.P. of the cellulose) in cotton fibers may be de- 
graded by exposure of the cotton to light, and by dry- 
ing at room temperature or above. Similarly, Kerr 
and Berkley [12] observed that the structure/strength 
relationship varied with the conditions under which 
the cottons were grown. Berkley [6] reported data 
which show that the structure of cotton fibers is not 
appreciably changed by field damage, whereas the 
fiber strength may be markedly reduced. It is desir- 
able, therefore, to know whether the differences in 
the structure/strength relationship are due to degra- 
dation of the cellulose or to a fundamental difference 
in cell-wall structure. 

Three factors have been considered as possible indi- 
cations as to why certain cottons having a given spiral 
structure were stronger than others: (1) the length 
of the cellulose molecules in the fiber; (2) the size 





680 TEXTILE RESEARCH JOURNAL 








TABLE I. PuysicaL PROPERTIES OF COTTON FIBER TAKEN FROM FRESHLY OPENED BOLLS GROWN AT FIVE LOCATIONS 





Degree « 
U.H.M. Mean polymeri 
fiber fiber Pressley X-ray zation 
length length Fineness index angle (No. glucose 
Variety of cotton (in.) (in.) (cm?/mg.) (Ib./mg.) (degrees) anhydride 
College Station, Texas 
Coker Wilds .28 1.02 315 
Acala 4-42 16 0.94 3.10 
Stoneville 2—B .08 0.90 2.96 
Rowden 41-B .00 0.86 2.24 
Mebane (Watson) .00 0.86 2.63 


10,030 
9,070 
9,640 
9,120 
9,536 


wists SI CO 
lo oom oer 9 
Own 


Sacaton, Arizona 


Acala 1517 W-29-4 16 1.00 2.86 
Sealand 542 24 0.87 3.56 
Acala 1517 P. B. 05 0.83 5 
Wilds 14 0.83 
King 82 78 0.64 
Hopi Sacaton q 0.71 
Earlipima X Giza 7 51-32 ‘ 1.22 
Deltapine 15 my 0.90 
Acala Santan 0. 0.87 


10,050 
10,045 
10,100 
10,220 
9,640 
9,560 
9,520 
9,220 
8,817 
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Knoxville, Tennessee 


Sealand 3 1.12 3.82 
Sealand X Sea Island ‘ 1.28 3.76 
Empire 9 sl; 0.86 3.16 
Acala 5675 : 0.97 2.66 
Cobal 7416 j 0.84 3.08 
Trice 2A : 0.82 3.02 


9 540 
9,650 
9,640 
9,792 
9,140 
8,583 


me Ge me the bO 
CH rk OOH 


He wD OW WD 


Stoneville, Mississippi 
1.10 3.21 : 36. 10,518 
0.84 3.81 : 9,410 
0.93 52 d 9,779 
1.01 16 a 31. 9,520 
0.66 81 * Sa 9,008 
0.94 27 9,600 
1.01 73 9,420 
0.81 .96 9,006 
0.64 26 8,796 
0.96 8,743 
0.66 8,860 
0.70 9,411 
0.96 9,420 
0.83 7,980 
0.54 7,340 


Barbadense X Harknessi 
Acala 1517-12 (High Wax) 
Acala 4-42 

Deltatype Webber 2139 
Hopi 

Wilds 18 

Wilds X Sea Island 
Rowden 41-B 
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West Texas Rough 
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Deltapine 15 
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Tashkent (Russia) CB 1691 
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Florence, South Carolina 


Sealand 542 i 1.42 3.49 
Coker Wilds ms 142 3.26 
Pandora ‘ 0.86 2.64 
Stoneville 2B . 0.92 2.44 
Rowden 41B 0.85 2.16 
Deltapine 15 ; 0.88 2.47 
Coker 100W 0.94 2.88 


9,730 
9,580 
8,120 
8,670 
9,110 
8,682 
9,700 
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and distribution of the crystallites and fibrils; (3) determining crystalline and noncrystalline cellulose 
the ratio of crystalline to noncrystalline cellulose and show great variation and there is no reliable tech- 
the distribution of the two types in the fiber. Since nique for determining the breadth and length distri- 
the results obtained by using different methods for butions of crystallites in cotton fiber, the length of 
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TABLE II. CorrRELATION COEFFICIENTS (7 VALUES) 
WHEN PRESSLEY INDEX WAS CORRELATED 
Wit FIBER PROPERTIES 








Factor correlated with Pressley index 


U.H.M. Mean 

Spiral Degree Fineness fiber fiber 
structure of of fiber length length 
(x-ray polymer- (arealom- (fibro- — (fibro- 

Variance D/F angles) ization eter) graph) graph) 

Variety 

Relation- 

ships* 36 707 744 ATT 

Total 

Over-all 

effects 40 AY | tat ATt 33 26 





* As judged by within-station differences. 
+ Significant to .01 level. 
t Significant to .05 level. 





the cellulose molecule, designated D.P., was con- 
sidered to offer the best possibilities for obtaining in- 
formation on this problem. 


Materials and Methods 


The samples, collected at five locations by field 
representatives, consisted of 20 bolls from each va- 
riety. Samples were collected the day the bolls 
opened, taken to the laboratory, and dried under a 
fan in order to avoid damage to the cellulose by sun- 
light and prolonged drying. Owing to the extreme 
sensitivity of cotton samples to moisture, tempera- 
ture, and light, it is recognized that the fibers repre- 
sented in these studies may have been slightly dam- 
aged prior to the measurements. 

The samples were ginned on a small roller gin, 
mixed by hand, and sub-sampled for the length, fine- 
ness, strength,* and the x-ray angle and D.P. deter- 
minations. The fiber length was obtained on the 
fibrograph [10], the fineness by the arealometer [16], 
the strength by the Pressley strength tester [14], the 
x-ray angle by the usual x-ray technique employing 
a copper target [5], and the D.P. was measured by 
the method described by Hessler, Merola, and Berk- 


ley [11]. 
Results 


The fiber data, in general, show the same relation- 
ship between length, fineness, strength, and spiral 
structure as that observed in previous studies (Table 


“The fiber lengths, fineness, and strength were obtained 
at the U.S. Cotton Field Station, Knoxville, Tennessee, under 
the direction of D. M. Simpson. 
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TABLE III. MuttreLE CorrRELATION COEFFICIENTS 
(R VALUE) WHEN PRESSLEY INDEX WAS CoRRE- 
LATED WITH SEVERAL FIBER PROPERTIES 








Factors correlated with 
Pressley index 
Spiral 
structure 
(x-ray angle) 


Fineness Fineness 
and and 


spiral degree of and degree 
structure poly meri- of poly- 

Variance D/F (x-ray angle) zation merization 
Variety 
Relationships* 35 754 .76t 84F 
Total 
Over-all 
effects 39 817 .73t 847 


* As judged by within-station differences. 
+ Significant to .01 level. 











I). The longer the cottons the finer and stronger 
they were. There were exceptions in that the short 
cottons, King 82 and Hopi Sacaton, were short but 
strong. Such exceptions are not uncommon, how- 
ever, among cottons of widely different origin. 

When values at each location are arranged in order 
of decreasing Pressley strength index, it will be ob- 
served that, in general, the D.P.’s fall in the same or- 
der (Table I). There are exceptions, but they may 
be associated with the spiral structure of the cellulose 
in the fiber, which is known to be related to the fiber 
strength. The samples of cotton that had both small 
x-ray angles and large D.P.’s, as in the cases of 
Acala 1517 W-29-4, and Sealand 542 at Sacaton, 
Arizona, were unusually strong. 

Correlations for varieties within locations (Table 
Il) between Pressley index and various fiber proper- 
ties gave highly significant relationships such as, 
for example, x-ray angles (r = .70), D.P. (r = .74), 
and fineness (r = .47). For the total over-all effect, 
the results were not appreciably different for these 
same factors—x-ray angles, D.P., and fineness. The 
r values for the total effect, when arranged in the 
same order, were .74, .71, and .47, respectively. 

When more than one fiber property was correlated 
with Pressley strength index, the resulting multiple 
correlations for varieties within locations and _ total 
over-all effects were significant to the 1 percent level. 
The total over-all correlation of Pressley index with 
x-ray angle, D.P., and fineness reached a highly sig- 
nificant value (R = .86) and for within varieties 
this value is the same. Unfortunately, the samples 
available did not permit a complete separation of va- 
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riety and enviromental factors since only a few of the 
The 
number of locations was not great enough to give re- 
(See Table 


cottons were grown in more than one location. 


liable data on environmental effects. 


III.) 


Discussion 


Mark [13] stated that the lengths of cellulose 
molecules, beyond a certain minimum, do not affect 
the physical properties of the fibers made from them. 
His studies were on low-polymer regenerated cellu- 
lose fibers, which perhaps should not be used to inter- 
pret the results of high-polymer natural cellulose 
fibers, such as cotton. Clibbens and Ridge [7] have 
shown that there is a relationship between the tensile 
strength and the cuprammonium fluidity of cellulose 
fibers. 
tween all types of oxycellulose ; however, these ma- 
terials were again degraded cellulose. Conrad [8] 
observed that the higher the cuprammonium vis- 
cosity of solutions of cellulose from cotton fibers the 
greater the tensile strengths. When field damage 
and spiral structure both vary, it is difficult to de- 
termine which factor is affecting the strength of the 
fiber most. The problem is further complicated by 
what appear to be two or more kinds of degradation, 
as shown in previous studies [7, 9] on commercial 
cotton and on the weathering of cotton in the field 
[11]. When mill-run cottons only are examined, it 
is difficult to determine the amount or the type of deg- 
radation present. It is possible that some damage is 
localized in small areas where it may be very effective 
in reducing the strength of the fiber but not effective 


A proportional relationship did not exist be- 


in reducing the D.P. 

Assuming that little or no damage occurred before 
the samples represented in these studies were tested, 
these data indicate that cellulose fibers are developed 
in the growing plant which have different lengths of 
cellulose molecules. Further data on this subject are 
needed to determine the extent to which the D.P. va- 
ries from one variety of cotton to another and under 
different conditions of growth. Berkley and King 
[4] showed that certain varieties of cotton vary 
greatly in physical properties from others having es- 
sentially the same spiral structure; therefore a study 
was made to determine whether or not certain fibers 
have longer cellulose chains than others. The high 
correlation shown for strength and degree of poly- 
merization in Table II is believed to be due largely 
to the undamaged nature of the fiber used. It is pos- 
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sible, however, that such differences as were observe: 
in these samples were caused by some unsuspected 
degradation after the cellulose was deposited in the 
fiber. There are reports of the presence of fungi in 
unopened cotton bolls, but infection probably resulted 
from insect damage. It is doubtful that ordinary 
clean cottons would be materially damaged prior to 
opening, and if the fiber is dried quickly without be- 
ing exposed to light, a minimum of degradation 
should result. 

The results reported by Hessler, Merola, and 
Berkley [11] indicate that cotton fibers are ex- 
tremely sensitive to heat and may be injured in the 
process of drying. Some damage may even result 
when the fiber is dried at room temperature. It is 
also possible that certain varieties may be more sub- 
ject to field damage than others. These data show 
that the long-fibered cottons, Sea Island and Wilds, 
used in this experiment have relatively long mole- 
cules. For total over-all effect. fiber length and de- 
gree of polymerization reach a highly significant level 
(vr = 46). The data indicate also that cottons with 
a small spiral have longer molecules than those 
with a large spiral angle. When long molecules are 
combined with small-angle spirals, tensile 
strengths usually result. The length of the cellulose 
molecules in long-fibered cottons, such as those men- 
tioned, may account for the differences in tensile 
strengths observed between these cottons and ordi- 
nary upland varieties for a given spiral structure. 

Cotton breeders have long been aware of the 
greater strength of cotton fiber produced in arid re- 
gions where climatic conditions contribute to low 
turgor pressure in the plants, which causes wilting. 
The conditions at Sacaton, Arizona, of the five loca- 
tions shown in Table I, probably develop the great- 
est stress on the plants; those at College Station. 
Texas, are next, and because of greater rainfall, those 
at the other three locations cause the least stress, as 
measured by degree of wilting. The data indicate 
that varieties, and particularly species, may give dif- 
ferent levels of D.P.’s at any location, but climatic 
effects are pronounced on any variety or strain. 

These data, however, do not rule out the possibility 
that the texture of the fiber—that is, the size of the 
crystalline strands and the ratio of crystalline to non- 
crystalline cellulose—is an effective agent in the 
strength/structure relationship. Further studies wi! 
be required to clarify the many questions originating 
from these data, and it is suggested that investiga- 
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tion of elastic behavior be included with the tensile- 
strength measurements in order to determine the 
exact effects of the structural factors. 
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Correction 


In THE PAPER “The Partial Carboxymethylation of Cotton to Obtain Swell- 
able Fibers, II,” by J. David Reid and George C. Daul, which appeared in the 
September, 1948, issue, Figures 1B and 2B on page 552 should have been reversed. 


—FEditor. 

















Laboratory Techniques 


A Modification of the Flat-Bundle Test Method 
for Testing Cotton-Fiber Strength 


J. K. Phillips 


Contribution No. T-157 from the Research Laboratories, Goodyear Tire & 


Rubber Company 


Abstract 


A new testing technique is described in this paper which permits the use of the Pressley 
fiber jaws on the Scott I P-4 tester to measure the tensile strength of cotton fiber. 


This method 


also makes it possible to test the flat bundle at different test-specimen lengths or jaw spacings. 
Some data are included which show the effect of increase of test-specimen lengths on the 


tensile strength of cotton fiber and other textile fibers. 





A METHOD of testing cotton-fiber tensile strength 
has been developed by this laboratory whereby the 
fiber strength is measured at a rate of loading com- 
parable to that used for testing cotton yarn and cords. 
This method also enables the testing of fiber strength 
at different specimen lengths. 

Other investigations have shown that rate of load- 
ing materially affects the tensile strength of single 
cotton fibers [3]. It has been shown also that test- 
specimen length has a pronounced effect on tensile 
strength of single cotton fibers [2, 4] and cotton 
yarns [1, 5]. 

The purpose of this paper is to show that it is pos- 
sible to test cotton-fiber strength in a flat bundle at a 
constant rate of loading and at the same time employ 
different test-specimen lengths or jaw separations. 
Some data are included to show a comparison of cot- 
ton-fiber strength with the tensile strength of other 
textile materials when tested at greater-than-zero jaw 
spacing or separation. 


Apparatus 


Special apparatus was designed to permit the use 
of the Pressley fiber jaws on the Scott tester. This 
machine is an inclined-plane type which operates at 
a constant rate of loading. It is equipped with an 
autographic recording chart from which the breaking 
loads were read after each test. Figure 1 is a photo- 
graph of the adapters and supports used to mount the 
Pressley jaws on the Scott I P-4. The two adapters 
have recessed slots which engage and hold the Press- 


ley jaw by means of the flange on the outer surface 
of the jaw. Alignment of the adapters is assured by 
means of the tapered guide pins mounted in the 
adapters, which are similar to those of the Pressley 
jaws. The one adapter was mounted on the machine 
carriage by screwing onto the threaded jaw mount 
and locked by a nut on the carriage side of the 
adapter. The other adapter was mounted on a piece 
of angle iron by a machine bolt. A rounded spacer 
was mounted between the adapter and the angle iron 
fitting into the beveled hole of the angle iron to give 
a semi-universal action to the adapter, which assures 
an even pull on the fiber bundle. This adapter is 
held in alignment by the two long pins extending from 
the adapter through the angle iron. 


The angle iron 










































Fic. 1. 


Apparatus for mounting Pressley jaws on 
Scott tester. 
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Fic. 2. Fiber loading vises showing spacers for 
different fiber test-specimen lengths. 


was bolted onto the base support through a slot to 
allow for additional horizontal adjustments. The 
base support was fastened to the Scott I P-4 tracks 
by lock bolts against the side of the track. A spacer 
was mounted under the base to fit between the car- 
riage tracks to prevent any deflection of the tracks 
when the base is locked into position. This design 
permits a quick change-over from fiber testing to 
yarn and cord testing on the same machine. 

Figure 2 is a photograph of the apparatus used in 
loading cotton fiber bundles for zero and greater- 
than-zero jaw spacings. The one is the conventional 
Pressley vise for zero spacing and the other is a spe- 
cial vise designed to permit the loading of test bundles 
of different lengths. By using different width spacers 
between the Pressley jaws, a variety of test lengths 
may be loaded. The test-specimen lengths referred 
to in this paper indicate the distance between the jaws 
when the bundle was loaded and may also be referred 
to as jaw separation or jaw spacing. The fiber bundle 
weight, however, is the weight of the entire bundle 
length from the outer surface of one jaw to the outer 
surface of the other jaw, for zero jaw spacing as well 
as for greater-than-zero jaw spacings. 

Figure 3 is a photograph showing the assembly of 
the apparatus on the Scott I P—4 machine. 


Procedure 


The cotton samples were prepared by the conven- 
tional method of preparation of samples for flat- 
bundle testing. The test bundle was combed thor- 
oughly to remove all of the fibers which would not be 
of sufficient length to permit loading at the maximum 


Assembly of Pressley jaws on Scott tester. 


Fie:..3. 


test lengths used in this experiment. The continu- 
ous-filament materials were cut into approximately 
114-inch lengths, then blended and combed in the 
same way in which the cotton samples were prepared. 
Loading of the test bundles was carried out in the 
manner prescribed for testing on the Pressley tester, 
after which the broken bundle was removed and 
weighed. However, the bundles used for greater- 
than-zero jaw separations were loaded into the jaws, 
then placed in the machine, and broken before the 
fiber ends were cut against the face of the jaws to 
prevent shearing or rupturing of the fibers during the 
cutting operation. 

The adjustable carriage stop on the Scott I P-4 
permitted adjustment of the carriage to any zero po- 
sition desired for loading the different test-specimen 
lengths. 

All tensile values were calculated to grams per 
denier (G/D) on the fiber bundle. 

The carriage weight used was 5 pounds, with the 
appropriate bundle sizes to cause the breaks to occur 
at points in the upper half of the recording chart. 

Five breaks were made on each sample for all jaw 
spacings or separations used. 
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Advances in Carbohydrate Chemistry, Volume 
III. Edited by W. W. Pigman and M. L. Wol- 
New York, Academic Press, Inc., 1948. 
Price, $8.50. 


(Reviewed by Eugene Pacsu, Princeton University) 


from. 
424 + xxiii pages. 


This third volume in the annual series of Advances 
in Carbohydrate Chemistry is made up of contribu- 
tions from American, British, German, and Swedish 
scientists, and represents a valuable addition to the 
two previous volumes. The thirteen authors of the 
eleven informative articles have succeeded in present- 
ing their particular topics in a manner which is ap- 
preciated not only by the specialist but also by the 
average chemist who has had no extensive training 
in carbohydrates. 

The book opens with a commemorative article by 
M. L. Wolfrom on the life and scientific achievements 
of Dr. Rudolph M. Goepp, Jr., who was a member of 
the executive committee of the “Advances,” and who 
lost his life in 1946 in an airplane accident. 

The first contribution, entitled “Historical Aspects 
of Emil Fischer’s Fundamental Convention for Writ- 
ing Stereo-Formulas in a Plane” (26 references) by 
C. S. Hudson, is a superior presentation of a subject 
which has the reputation among postgraduate stu- 
dents of being the most formidable obstacle in the 
study of carbohydrates. In “The Structure and Re- 
activity of the Hydrazone and Osazone Derivatives 
of the Sugars” (44 references) E. G. V. Percival of 
the University of Edinburgh gives a clear picture of 
the modern views and trends in this field. An au- 
thorative article by Hewitt G. Fletcher, Jr., “The 
Chemistry and Configuration of the Cyclitols” (108 
references), is most appealing to those chemists who 
are interested in the difficult stereochemical relation- 
ships and the significance in nature of these products. 

In his comprehensive article on “Trityl Ethers of 
Carbohydrates” (92 references) Burckhardt Helfer- 
ich, of the University at Bonn, discusses with thor- 
ougliness the preparation, properties, and behavior of 
these useful derivatives first introduced to carbo- 
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hydrate chemistry by himself in 1925. Under the 
title “Glutose and the Unfermentable Reducing Sub- 
stances in Cane Molasses” (38 references), Louis 
Sattler presents experimental results which would 
seem to disprove the existence of the 3-ketohexoses 
described by Lobry de Bruyn and Alberda van Eken- 
stam. The extensive and difficult topic of “The Halo- 
gen Oxidation of Simple Carbohydrates Excluding 
the Action of Periodic Acid” (180 references) is ex- 
haustively treated by John W. Green in a valuable 
summary of data scattered throughout chemical liter- 
ature. The next article, by Jack Compton, consists of 
an excellent, up-to-date survey on the “Molecular 
Constitution of Cellulose” (161 references). A stim- 
ulating article on “Isotopic Tracers in the Study of 
Carbohydrate Metabolism” (76 references) by Sam- 
uel Gurin deals with the techniques and results ob- 
tained in the last few years through a modern ap- 
proach to one of the fundamental problems connected 
with life. In the “Products of the Enzymic Degrada- 
tion of Starch and Glycogen” (107 references) Karl 
Myrback, of the Biochemical Institute in Stockholm, 
presents his views on an important but highly con- 
troversial subject. Significant developments in the 
chemical investigation of bacterial polysaccharides 
are reviewed by M. Stacey and P. W. Kent, Uni- 
versity of Birmingham, in their interesting and in- 
formative article “The Polysaccharides of Myco- 
bacterium Tuberculosis” (83 references). The last 
article, written by M. L. Wolfrom, one of the editors 
of the “Advances,” on the “Chemistry of Strepto- 
mycin” (127 references), is an outstanding presenta- 
tion of the brilliant investigation carried out by sev- 
eral research teams since Waksman in 1944 obtained 
a concentrate of this valuable antibiotic. 

All these articles are well written, highly informa- 
tive in character, and together they give an excellent 
cross section of the interests and the activities of car- 
bohydrate chemists. Now in possession of three 
splendid volumes of the “Advances,” the chemist 
wonders how he ever could have got along without 
them in his study of carbohydrates. 
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Results 


On 
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Table I shows the tensile values obtained when 
groups of miscellaneous textile materials were tested 
at zero and at 5-mm. jaw separations on the Scott I 
P—4 machine with a 5-pound carriage. The last ver- 
tical column shows the percent loss in tensile strength 
at 5-mm. separation as compared with the values at 
zero separation. It is evident from these data that 
cotton-fiber strength is affected to a greater degree 
than any of the other materials listed when the tensile 
tests are made at 5-mm. jaw separation. Of partic- 
ular interest is the fact that the tensile strength of cot- 
ton is approximately 50 percent less when tested at 
5-mm. jaw separation than when tested at zero jaw 
separation. The tensile strength of staple rayon, 0 25 50 75 
however, was only 7 percent less when tested at JAW SEPARATION IN MM. ae 
5-mm. separation. i a — 

Typical curves for the reduction in apparent tensile pon 2 Wd Pe EE Se Tee aceentt 

. ength on fiber strength of cotton and staple rayon. 
strength of cotton and staple rayon when tensile tests 
are made at progressively increasing jaw separations 
are shown jn Figure 4. Here again it will be noted 
that cotton-fiber strength is affected to a large degree 
by test-specimen lengths or jaw separations, whereas 
that of staple rayon is affected to a lesser degree. 
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precise comparisons of tensile properties of cotton J ing th 
fiber with cotton yarns and cords will now be possible. preci 
The data presented in this paper indicate that the J ayera 
apparent tensile strength of cotton fiber decreases § jn cat 
very rapidly as the jaw separation is increased. Fur- Th 
ther work will be necessary to determine whether or — \. L 
not this conforms to the “weakest link theory”  pro- of D1 
It has been shown that flat-bundle cotton-fiber ten- posed by Peirce [5]. Should this theory hold true § the e 
sile tests can be made at a constant rate of loading and _ for flat-bundle tensile tests on cotton fibers, it could J fost t 
that at the same time different test-specimen lengths then be concluded that cotton fiber includes many Th 
may be tested. This was accomplished by the use of | more weak spots or flaws than any of the other ma- J of E1 
standard test machines with minimum modifications. _ terials listed in Table I. ing ‘ 
The author believes that through the use of a con- C.3. 
stant rate of loading comparable to that used for cot- Acknowledgment whic! 
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Discussion 


laboratory for his many helpful suggestions on this 
Sey Meee hata problem. The cooperation of Mr. E. C. Ewing of 

TABLE I. TENsILe STRENGTH OF MISCELLANEOUS TexTILE the Delta & Pine Land Company, Scott, Mississippi, 
FIBERS WHEN TESTED AT 0 AND 5-MM. JAW SPACING OR. and Mr. F. L. Gerdes and Mr. James B. Dick of the 
DARREN ont siscsihechaniia are Delta Branch Experiment Station, Stoneville, Mis- 


Tensile strength Lossin _ sissippi, for submitting numerous cotton samples 1s 


No. G/D strength — sreatly appreciated. 
samples 0 5-mm. at5mm. ° y app 


Fiber material tested separation separation (%) 


Cotton (Upland 23 3.56 1.75 50.8 
domestic) . Brown, K. C., Mann, J. C., and Peirce, F. T., J. ree 
Ramie 5.07 4.74 6.5 Inst. 21, T186-204 (1930). In 
Wool 1.38 1.14 17.4 . Clegg, Gladys G., ibid., 17, T591-606 (1926). Carl 
4.54 4.24 6.6 _ Mann, J. C., and Peirce, F. T., ibid., 17, T82 (1926). ff ich, 
ax 6.67 5.43 18.6 . Meredith, R., ibid., 37, T205-18 (1946). one! 


Ray i : , é : ie 
cosa soos ti‘ge.~SCs«Ss Peirce, F. T,,, ébid., 17, T355-68 (1926). 


(Manuscript received September 20, 1948.) 
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Adventures in Man’s First Plastic. Nelson S. 
New York, Reinhold Publishing Corp., 
Price, $6.75. 


Knaggs. 


1947. 329+ iv pages. 


(Reviewed by Raymond A. Pingree, Warwick 
Chemical Company) 


This book would probably be of little value to a 
reference library; it should, however, prove interest- 
ing and informative to both layman and technician. 

The best reading by far is in the three chapters 
containing first-hand accounts of the author’s travels. 
The opening chapter relates his experiences in the 
Brazilian jungle in the search for the little-known 
wax-bearing Cauasst plant. In the fourth and fifth 
chapters he describes his explorations in the Big Bend 
country of Texas, and the State of Coahuila, Mexico, 
for Candelilla. In these rugged and virgin countries, 
Knaggs has had many exciting and sometimes haz- 
ardous adventures. The stories keep the reader’s 
interest every word of the way. 

In contrast to these adventure-story chapters, most 
of the others are textbook material interspersed with 
stories of mythical origin, such as the exciting epi- 
sode of the whaling expedition in the sixth chapter 
and the travels of Chin-lu’s wax caravan in the eighth. 

Many factual data are contained in these chapters 
on the historical background, cultivation, harvesting, 
refining, and uses of most of the known waxes of com- 
merce. The author goes into great detail in some of 
these accounts and in one chapter he draws a particu- 
larly elaborate picture of the life history of the bee. 

The book is profusely illustrated, contains a fairly 
complete bibliography, and a good index. 

All in all, Knaggs has done a god job on a particu- 
larly difficult subject. The book is good spare-time 
reading. 





Modern Plastics Encyclopedia, 1948. New 
York, Plastics Catalogue Corporation, 1948. 1673 


12 charts. Price, $8.50. 


(Reviewed by William H. Kashdan, Textile Re- 
search Institute) 


pages. 


The Modern Plastics Encyclopedia for 1948 has 
been conveniently condensed into one volume which 
is not unwieldy. 

Simultaneously, certain revisions and additions of 
subject matter have greatly enhanced its value as a 
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guide to various aspects of the plastics field for those 
who wish to acquaint themselves with its rapidly ex- 
panding body of knowledge and industrial techniques. 

For the first time, a new 150-page edition of 
“Plastics Stock Molds,” last published in 1944 by the 
Stock Mold Department of Modern Plastics maga- 
zine, has been incorporated, which contains an up-to- 
date catalog of stock-molded parts, cast shapes, and 
extrusions, including items, materials, colors, weights, 
and dimensions and the names and addresses of their 
manufacturers. 

A new section on plastic film and sheeting presents 
an introductory article on the recent developments 
and lists the characteristics of various film types. 
Articles on production, fabrication, heat-sealing lami- 
nation, and decoration film follow. 

Included in the 1948 edition are new articles on 
such timely topics as hydroxyethyl cellulose, inor- 
ganic plastics, chemicals for plastics, synthetic bristles, 
pulp, molding, laminating-plant equipment, and resin- 
plant equipment. Also, several of the phenolic ma- 
terials have been treated in one comprehensive chap- 
ter. Information on coatings for wire, cable, glass, 
ceramics, and concrete, and also on printing inks has 
been added to the coatings section. There are two 
new charts on the properties of laminates and plastic 
films. 

This edition has an enlarged listing of German re- 
ports of scientific and engineering information on 
plastics obtained by American technical investiga- 
tors in Germany. This bibliography should be of 
especial value to the scientific research worker be- 
cause it presents a rapid survey of work done in this 
field in Germany which is now available to American 
workers through the United States Department of 
Commerce. 

Scientific workers will especially appreciate the 
bibliographies with each article. The articles are, in 


general, survey articles which serve as excellent 
euides to specific technical data in the literature. 

The production man and the engineer will find a 
wealth of information on materials, machinery, etc. 
listed and described by the advertisements of the com- 
panies working in the plastics field. 





The Chemical Formulary. Volume VIII. H. 


Bennett, Editor-in-Chief. Brooklyn, N. Y., 





688 


Chemistry of the Carbohydrates. William 
Ward Pigman and Rudolph Maximilian Goepp, 
Jr. New York, Academic Press, Inc., 1948. 748 + 
xvii pages. Price, $10.80. 


(Reviewed by Eugene Pacsu, Princeton Universit’ 
g , 


The appearance of this book fills a long-felt need 
for a modern survey of the broad field of carbohy- 
drates and derived products. The genuine delight of 
American sugar chemists .of at last having such a 
book available in the English language is damped by 
the death in 1946 at a Newfoundland airport in an 
airplane accident of Dr. Rudolph Maximilian Geopp, 
Jr., one of the authors of the book. This tragedy de- 
prived American chemists of a good friend and an 
eminent young scholar, and it made the task of the 
senior author more difficult. 

Although the latter refers to this book as a special- 
ized monograph, it appears that both the scope and 
the treatment of the material would warrant the desig- 
nation of this work as a handbook for research work- 
ers who are interested in the organic, physical, ana- 
lytical, biological, and industrial-chemical aspects of 
the carbohydrates. 

The vast amount of material in this book is pre- 
sented in fifteen chapters occupying 647 pages. Of 
these chapters, the first consists of a general introduc- 
tion to carbohydrate chemistry, whereas the second 
deals with the difficult subject of structure and 
stereochemistry of the monosaccharides. The con- 
tents of the third chapter are devoted to the occur- 
rence, properties, synthesis, and analysis of the simple 
sugars; the next two chapters contain the chemistry 
of the esters and of the glycosides, including full 
acetals and thioacetals. In the following four chap- 
ters sugar derivatives such as alcohols, acids, ethers, 
and nitrogenous derivatives are discussed. In the 
tenth chapter the oligosaccharides are taken up in de- 
tail, while the naturally occurring glycosides and 
glycosidases are described in the eleventh chapter. 
In the last four chapters the classification and deter- 
mination of structure of the polysaccharides, cellulose, 
the starches and starch substances, and the polyuro- 
nides, hemicelluloses, plant gums, microbial polysac- 
charides, and related substances are presented. The 
book is provided with an author index covering 
twenty pages and an excellent subject index occupy- 
ing eighty pages. 
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As a whole, the book is very well written, and jj 
one recognizes the authors’ privilege of discussing 
certain contributions at somewhat greater length than 
would appear to be necessary he should also agree 
that the text is sufficiently balanced. The failure to 
mention certain important operations such as de- 
acylation or de-acetylation can be easily remedied, one 
hopes, in the next edition. 

The print of the book is excellent and typographical 
errors are few. Dr. Pigman and his assisting staff 
deserve hearty congratulations on their splendid 
work, which will be welcomed by everyone who has 
anything to do with carbohydrates. 


An Introduction to Color. Ralph M. Evans. 
New York, John Wiley & Sons, Inc., 1948. 340 
pp. Illus. (15 color plates). Price, $6.00. 


(Reviewed by Dorothy Nickerson, U. S. Department 
of Agriculture) 


This is a book that can be recommended without 
qualification to any serious student of color. It as- 
sumes almost no previous knowledge of the subject, 
and is well illustrated by pictures and graphs, includ- 
ing fifteen pages in full color. It assumes no knowl- 
edge of mathematics beyond the high-school level. 

As the author states, color sprawls across the three 
enormous subjects of physics, physiology, and psy- 
chology, and students in one field usually understand 
little of the facts in the other fields. This book fills 
this gap, for while it develops each phase of the sub- 
ject separately, all the subjects are interwoven at the 
end. 

In twenty-one chapters the author discusses color 
and light, illumination, color vision, color perception, 
color measurement, color specification, color differ- 
ences, paints and pigments, color in photography, in 
art, and in design and abstraction. Following each 
chapter is a well-selected bibliography. 

This is the only book on color which provides an 
adequate introduction to the whole field of color. It 
is also the only book this reviewer knows of that can 
be recommended equally well to students in science, 
art, and industrial fields. In it the subject is brought 
quite up to date. 
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Chemical Publishing Co., 1948. 448 + xxvi 


pages. Price, $7.00. 


This is the eighth volume in the series of The 
Chemical Formulary, which is compiled by a board 
of editors consisting of a number of industrial and 


research chemists. 

The first volume appeared in 1933. Volumes II, 
III, IV, V, VI, and VII were published in 1935, 
1936, 1939, 1941, 1943, and 1945, respectively. An 
index of the first six volumes appeared in 1944. 

The eight books in the series do not, for the most 
part, contain the same formulas; each one is de- 
signed, rather, to give new, additional material which 
has accumulated since the publication of the previous 
collection. 

Included in Volume VIII are many German for- 
mulas which have been released through the Allied 
Intelligence Groups since the war. As in most of 
the other volumes, there is a section devoted specifi- 
cally to textiles, and a number of processes and ma- 
terials which apply to textiles are described in other 
sections such as those on adhesives, emulsions and 
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dispersions, lubricants and oils, plastics, rubber, 
resins, and waxes, and soaps and cleaners. 





The Identification of Textile Materials. The 
Textile Institute (16 St. Mary’s Parsonage, Man- 
chester 3, England), 1948. 10 pages + 14 plates 
and 4 folded inserts. Price 5/—. 


Rapid increase in the complexity of fiber blends in 
textile structures is piling up difficulties in the way oj 
the identification of textile materials. Therefore this 
comprehensive booklet is particularly timely. Issued 
as the British Textile Institute’s “Handbooks of Tech- 
nology” No. 3, it was prepared by the Institute's 
Unification of Testing Methods Committee. 

The report deals with all of the natural fibers com- 
monly in use, the rayons, regenerated proteins, and 
some of the polymerized fibers. Fourteen plates show 
photomicrographs of longitudinal and cross sections 
of fibers and four charts on folded inserts tabulate the 
various test methods and their effect on the fibers 
under test. 
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Cellulose for Rayon 


Laboratory estimation of cellulose 
for rayon manufacture. Ger- 
mano Centola and _ Francesco 
Pancirolli. Ind. carta (Milan) 1, 
75-8 (1947) (through Chem. Abstr. 
42, 3956a (June 10, 1948)). 


Put 10 g. of dry cellulose in a 1,000- 
ce. bottle, add 555 g. 18% NaOH at 
20°C, shake slightly, and leave 
overnight at 20°C. Then add 10 
cc. CSs and shake vigorously for 60 
min. Add 425 g. H:O and con- 
tinue shaking for 5 hrs. Filter 
(through Jena 3G3) under 50 mm. 
Hg pressure. Filtration should last 
less than 15 min. Methods of 
laboratory preparation of cellulose 
for rayon manufacture are also 
reported. 

Text. Research J. Nov. 1948 





















Collagen Structure 


Low-angle scattering in polymers. 
O. Kratky. J. Polymer Sct. 3, 
195-215 (Apr. 1948). 

From low-angle scattering measure- 

ments on collagen an attempt is 

made to get information on the 
arrangement of amino-acid residues 
in the chain. E. D. Klug 

Text. Research J. Nov. 1948 













ABSTRACTS 


SERVICES AVAILABLE 


Reprints of the original articles abstracted in TEXTILE RESEARCH JOURNAL are often available from the 
Otherwise, it may be possible to secure copies of the periodicals. 


Photostat negatives of articles abstracted will be furnished to members of the Institute at a cost of 25 cents per 
page for pages not exceeding 7 inches in width and 50 cents per page for large sizes up to 1114 x 14 inches. 
Photostats of patents are 50 cents per page. 

Microfilm copies and paper enlargements of microfilm may be obtained from: Microfilms Inc., 313 N. First 
St., Ann Arbor, Mich.; New York Public Library, New York, N. Y.; Yale University Library, New Haven, 
Conn.; Harvard University Library, Cambridge, Mass.; and Library of Congress, Washington, D.C. Transla- 

| tions may also be obtained from the above sources. 
A list of periodicals abstracted, the abbreviations used in references to articles, and the addresses of publishers 
of English language publications is given in the January, 1948, issue, page 48. 





Copper No. Solution 


Substitution of Fehling solution by 
a new homogeneous test solution. 
August Noll. Das Papier 1, 109- 
12 (1947) (through Chem. Abstr. 
42, 3567¢g (May 20, 1948)). 

The Cu nos. of bleached and un- 

bleached pulps (as well as cotton 

linters and rag stock) can be de- 
termined conveniently by using an 
individual reagent (J) made up of 

30 g. crystalline CuSQO,, 50 g 

NaOH, and 150 g. triethanolamine 

in 1 |. distilled H:O. About 1 g. 





ABSTRACT REPRINTS 


The JOURNAL is again 
offering to its subscribers 
reprints of the Abstracts 
and Book Review sections, 
printed on one side of the 
sheet so that the items may 
be clipped, pasted on cards, 
and filed for permanent ref- 
erence. Subscription to this 
service for 1949 is $3.50. 
Orders for this special serv- 
ice for 1949 should be mailed 
at once to Textile Research 
Institute, Inc., 10 East 40th | 
Street, New York 16, N. Y. | 







Orders should be sent direct to the 





The library's service charge will be added. 









air-dried, finely divided cellulosic 
material is added to 40 cc. J at the 
boiling point of the solution, which 
is heated exactly 3 min. and then 
promptly filtered and washed with 
0.75 1. H,O. Otherwise the Cu no. 
determination is identical with that 
previously described. The results 
compare very favorably with those 
obtained by the use of Fehling 
solution. In dark bottles, J re- 
mains unchanged for months, and 
the analyst has the advantage of 
dealing with a single solution. 

Text. Research J. Nov. 1948 


Absolute Measurement of 
Dynamic Properties 
Method for the absolute measure- 


ment of dynamic properties of 
linear structures at sonic fre- 


quencies. W. James Lyons and 
Irven B. Prettyman. J. Ap- 
plied Phys. 19, 473-80 (May 


1948). 


A method is given whereby the 
dynamic stretch modulus, coeffi- 
cient of internal friction, and hys- 
teretic energy loss of textile yarns 
and cord can be determined at 
longitudinal vibration frequencies 
above 100 cycles/sec. The theory 
of the method is discussed and an 
improved stretch vibrometer is de- 
scribed. The dynamic properties 
of various cords, yarns, and_fila- 
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ments as measured on the stretch 
vibrometer are reported. 

L. P. Witnauer 
Text. Research J. Nov. 1948 


Electron Microscope 
Specimen Punch 


An electron microscope specimen 
punch. Clifford E. Grey. Rev. 
Sci. Instruments 19, 369-70 (May 
1948). 


An electron microscope specimen 
punch is described and illustrated. 
The punch is designed to be used 
with an ordinary light microscope 
so that the selection, accurate cen- 
tering, and punching of the usable 
section of the sample screen can be 
performed simply and quickly in 
one operation by an_ untrained 
operator. L. P. Witnauer 
Text. Research J. Nov. 1948 


Cumulative Extension of 
Yarns 


A cumulative extension test for 
plasticity in textile fibres. R. 
Meredith and F. T. Peirce J. 
Text. Inst. 39, T159-84 (May 
1948). 

An instrument is described for impos- 

ing extensions of 3, 1, 13, 2, and 3% 

to yarns at frequencies in the range 

of 6-120 cycles/min. The imposed 
extension is simple-harmonic with 
time so that the specimen receives 

no sudden jerks. By means of a 

pawled ratchet wheel, any unre- 

covered extension is taken up. 

Thus, the imposed extension is a 

constant percentage of the in- 

stantaneous length of the specimen. 

This arrangement is so designed 

that the tension remains the same 

between cycles. The cumulative 
extension is recorded automatically. 

Test results using the instrument are 

given, data being reported on cot- 

ton, linen, various rayons, silk, 
nylon, wool, hair, and casein. It 
was found that the effect of residual 
tension, the tension on the sample 
between cycles, was quite large and 
that the ranking of the samples in 
terms of cumulative extension was 
different at different residual ten- 
sions. Therefore, a normal residual 
tension had to be selected arbi- 
trarily. The value chosen was the 


weight of 1 km. of the specimen and 
reasons are given for this choice. 
In comparing different fibers, the 
total imposed energy per unit mass 
was calculated and plotted against 
the cumulative extension. When 
the data were analyzed in this man- 
ner, the fibers fell roughly into 3 
groups: low plasticity was exhibited 
by linen, nylon, and silk followed 
in order. by Durafil, stretched cot- 
ton cord, and Fortisan; intermediate 
plasticity by hair, wool, Tenasco, 
and unstretched cotton cord; and 
considerable plasticity was exhibited 
by ordinary viscose, acetate, and 
casein. It is concluded that this 
test will serve to show sensitively 
the failure in recovery by a yarn 
from oft-repeated small strains that 
occur in use. A. R. Martin 
Text. Research J. Nov. 1948 


Fastness Tests 


Second report of fastness tests 
committee. J. Soc. Dyers and 
Colourists 64, 133-45 (Apr. 1948). 


A set of 17 fastness tests in addition 
to light fastness have been estab- 
lished for colored natural or regen- 
erated cellulose materials. Eight- 
een corresponding tests are listed 
for colored wool materials and 16 
for cellulose acetate rayon materials. 
Colored silk materials are tested in 
14 methods. A supply of cotton 
and of wool fabrics made to stand- 
ard specifications for assessing de- 
gree of staining will be made avail- 
able. The wash wheel, an appara- 
tus for testing fastness to burnt gas 
fumes, and a gray scale are de- 
scribed at the conclusion of the test 
descriptions. The gray scale, which 
is used in evaluating the degree of 
staining of white materials, shows 
the 3 darker degrees of staining 
similar to those of the A.A.T.C.C. 
standards, whereas the first two 
steps in the scale are lighter than 
the same steps in the A.A.T.C.C. 
scale. J. A. Woodruff 
Text. Research J. Nov. 1948 


Fiber Identification 


Identification of textile materials. 
Anon. J. Text. Inst. 39, S1-—10 
(Mar. 1948). 


A comprehensive scheme and series 
of tests for identifying textile ma- 
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terials in the form of loose fiber, 
yarn, or fabric. Two tables give 


diagrams for identifying (a) single J 


fiber sorts without the aid of the 
microscope and (b) mixtures in 
which different sorts of staple fiber 
have been blended before spinning 
into yarn. Three other tables pre- 
sent complete analytical schemes 
with alternates and confirmatory 
tests, a sorting test for pure fibers 
by flotation (not applicable to mix- 
tures of fibers), and a summary of 
dimensions (for vegetable fibers), 
particularly helpful when using a 
microscope equipped with an eye- 
piece scale. Appended are 25 lon- 
gitudinal and cross-sectional photo- 
micrographs of natural and mer- 
cerized cotton, kapok, wool, raw 
and degummed silk, tussah silk, ny- 
lon, fortisan, acetate rayon, pig- 
ment delustered viscose rayon, ten- 
asco, viscose rayon, Ccuprammonium 
rayon, vinyon, alginate rayon, lani- 
tal, flax, hemp, jute, ramie, sisal, 
and asbestos. The chemical and 
physical properties of the manu- 
factured fibers are discussed. Tests 
for detecting urea, formaldehyde, 
and titanium dioxide, and methods 
for cutting cross sections, determin- 
ing degree of acetylation in cotton, 
making photographs of animal f- 
bers, observing densities of fibers in 
a density gradient tube, and making 
photomicrographs are also given. 


Jim A. Fiori 
Text. Research J. Nov. 1948 


New Fiber-Study Technique 


Wool study simplified by micros- 
copy. Anon. Am. Wool and 
Cotton Reptr. 62, 14 (July 29, 
1948). 


A new technique for the study of 
wool fiber involves making a nega- 
tive replica of the fiber in a thermo- 
plastic film of ethyl cellulose and 
polystyrene which is thin enough 
to examine directly in the electron 


microscope and which may be 
shadow-cast with a suitable metal 
for added contrast. The architec- 
ture of the wool fiber has been ex- 
amined and is reported upon. 


A. L. Landau 
Text. Research J. Nov. 1948 
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Osmotic Balance 


balance. 
Bertil Enoksson. J. Polymer Sct. 
3, 314-24 (June 1948). 


An osmotic balance is described and 
the molecular weights of 3 nitro- 
cellulose samples are determined 
from osmotic pressures obtained by 
the use of this balance. FE. D. Klug 
Text. Research J. Nov. 1948 


Testing of Count in 
Worsted Spinning 


Moisture and worsted spinning. 
The regain factor. R.S. Audley. 
Fibres 9, 257-8 (July 1948). 


A practical method of testing the 
count on an oven-dry basis and 
working out the correct count on 
the basis of a regain of 181% is de- 
scribed. A rapid regain tester based 
on the principle of the hair dryer is 
also discussed. L. A. Fiori 
Text. Research J. Nov. 1948 


Interfacial Tension 


Films at oil-water interface. I. 
Eric Hutchinson. J. Colloid Sci. 
3, 219-34 (June 1948). 


A number of methods of measuring 
interfacial tension between two 
liquids are compared, and it is con- 
cluded that the “‘sissile bubble’’ is 
most convenient and trustworthy. 
The interfacial tensions of benzene 
solutions of a number of alcohols 
and acids against conductivity water 
at 23°C have been determined, to- 
gether with the freezing points of 
the solutions. It is concluded that 
the molecules in an expanded film 
are not oriented parallel to the inter- 
face. The fatty acids give force- 
area curves with transition points 
similar to those obtained with 
myristic acid on water at 25°C. 
The alcohols appear to be more 
condensed in the surface film than 
the corresponding acids. E. D. Klug 
Text. Research J. Nov. 1948 


Films at the oil-water interfaces. 
II. Eric Hutchinson. J. Col- 
loid Sci. 3, 235-50 (June 1948). 

Experiments on the properties of 

films adsorbed at oil-water inter- 


faces have been extended to include 
variation of the chain length of the 
adsorbed molecules, temperature, 
and the nature of the oil. In 
general, the evidence supports the 
hypothesis of an interfacial film in 
which the polar group is anchored 
at the interface and the hydrocar- 
bon chain is entirely within the oil 
phase. Changes in the degree of 
“condensation” or ‘‘expansion”’ of 
the films adsorbed from a number 
of solvents support the hypothesis 
that the cohesion between the sol- 
vent molecules and the hydrocarbon 
chain of the film molecule is an 
important factor, and reasons are 
adduced to show that lateral ad- 
hesion in films adsorbed at oil-water 
interfaces may be greater rather 
than less than at air-water surfaces. 

Author 
Text. Research J. Nov. 1948 


Viscosity Measurements 


Pseudoplastic flow properties of 
lyophilic colloids. Earl K. 
Fischer and Charles H. Lindsley. 
J. Colloid Sci. 3, 111-28 (May 
1948). 


Viscosity measurements of aqueous 
methyl cellulose and starch solutions 
were made in a modified Stormer 
viscometer. Rate of shear vs. 
torque curves are given and apparent 
viscosities in absolute units are cal- 
culated for different rates of shear. 
There was no evidence of linearity 
in the curves of torque vs. rate of 
shear, nor was there any indication 
of an intercept on the torque axis 
corresponding to a yield value. 
Agreement with data obtained with 
a capillary viscometer was fair in 
view of the difficulty of estimating 
rates of shear in the capillary. 

Text. Research J. Nov. 1948 BE. 2 Klug 


Notes on “the viscous flow of 
molten polystyrene” by Spencer 
and Dillon. G. J. Dienes and 
F. D. Dexter. J. Colloid Sci. 
3, 181-3 (May 1948). 


Parallel plate plastometer measure- 
ments on the same sample of poly- 
styrene (m.w. 360,000) which 
Spencer and Dillon used for capil- 
lary viscosity measurements were in 
good agreement with the latter 
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over the common 
range. E. D. 
Text. Research J. Nov, 1948 


temperature 
Klug 


Wear Testing 


Wear testing of textile materials. 
Anon. Text. Mercury and Argus 
119, 98, 101, 103 (July 23, 1948). 


An analysis of the complexities at- 
tending laboratory measurement of 
the wear value of fabrics, particu- 
larly knitted, as related to ordinary 
service wear. Types of abrasive 
surfaces, amount of tension applied 
to the sample, atmospheric condi- 
tions during the testing, evaluation 
of the amount of wear, feasibility of 
uniform wear on test specimen, 
method of support of the fabric 
while being abraded, and interpre- 
tation of wear test results are dis- 
cussed. L. A. Fiori 
Text. Research J. Nov. 1948 


CHEMICAL AND PHYSICAL 
RESEARCH 


* 


Properties of Carbowaxes 


Surface tension of polyoxyethylene 
glycol solutions. A. Couper and 
D. D. Eley. J. Polymer Sci. 3, 
345-9 (June 1948). 


Intrinsic viscosities, freezing point 
depression, and _— surface-tension 
measurements of aqueous solutions 
of 5 samples of polyoxyethylene 
glycol (Carbowax) of increasing 
molecular weight (end group) from 
300 to 6,000 were made. The data 
lead to area values for the molecules 
which indicate that they lie flat 
on the surface of the solution. 

E. D. Klug 
Text. Research J. Nov. 1948 


Physical Chemistry of 
Cellulose 


Physical-chemical study of cellu- 
lose, viscose, and fibers. E. 
Blanchard Castillo. Rev. acad. 
cienc. exact., fis-quim. y nat. 
Zaragoza 2,58—132 (1947) (through 
Chem. Abstr. 42, 3562g (May 20, 
1948)). 
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The index of filtration (J), as de- 
fined by Hermans, Bredée, and de 
Booys (C.A. 29, 6801°), was de- 
termined for viscose samples made 
by a standardized procedure from 
pine, beech, and straw pulp. Vis- 
cose from straw pulp was particu- 
ticularly difficult to filter, but pre- 
hydrolysis with H2SO, or SO: im- 
proved it in this respect. The 
filtration characteristics of viscose 
improved with increasing a-cellu- 
lose content in the pulp sample, but 
became poorer with increasing 
amounts of hemicellulose and, es- 
pecially, ash. Similar results have 
been reported by Bredée (C.A. 41, 
530312; cf. TEXTILE RESEARCH JOUR- 
NAL 17, 580 (1948). J decreased to 
a minimum (and ease of filtration 
increased to a corresponding maxi- 
mum)at a NaOH concentration of 
240 g./l. and a temperature of 
25°C in the mercerization bath. 
The lowest J values were obtained 
with 40% CS» concentration for 
xanthation and 7% NaOH in the 
finished viscose. The presence of 
over 2% hemicellulose in the mer- 
cerizing solution or of 15% hemi- 
cellulose in the xanthate solution 
increased J markedly. The com- 
ponent in the cellulose ash that most 
commonly increased J and produced 
defective filtration was CaSiO.. 
The addition of (NaPOs3). overcame 
this difficulty. The chemistry of 
viscose ripening was discussed, with 
experimental results as given else- 
where (C.A. 41, 5715d; cf. T.R.J. 17, 
727 (1948)). X-ray diagrams were 
given for viscose rayons stretched 
5-90% during coagulation. The 
results were as previously cited 
(C.A. 41, 57157; cf. T.R.J. 17, 727 
(1948)). The alkali solubility and 
the elongation of rayon fibers in- 
creased markedly when the concen- 
tration of hemicelluloses in the 
mercerization solution exceeded 18 
g./l. 47 references. 

Text. Research J. Nov. 1948 


Reactivity of Cellulose 


The reactivity of cellulose for vis- 
cose. Germano Centola and 
Francesco Pancirolli. Ind. carta 
(Milan) 1, 63-8 (1947) (through 
Chem. Abstr. 42, 3563a (May 20, 
1948)). 
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Reactivity means, in this case, the 
suitability of a cellulose for trans- 
formation into a perfectly soluble 
cellulose xanthate. Ordinary cellu- 
loses may be classed as: of good 
reactivity, having a swelling in 18% 
NaOH of 340-450%, and polymeri- 
zation degree of 750-900; and of 
poor reactivity, having a swelling in 
18% NaOH of 280-380%, and poly- 
merization degree of 750-1100. The 
celluloses of the 2nd type contain 
several transverse bonds between 
the macromolecules. 

Text. Research J. Nov. 1948 


Structure of Cellulose 


The kinetics of cellulose degrada- 
tion and the long-period structure 
of the cellulose molecules. G. V. 
Schulz. J. Polymer Sci. 3, 365- 
70 (June 1948). 

A brief review is given of the evi- 

dence for the existence of a long 

period of about 500 glucosidic units 
in fibrous cellulose. The hetero- 
geneity of the molecular-weight dis- 

tribution can be measured as a 

function of the extent of degradation 

and is found to increase much less 
rapidly than would result from 
random scission. The interpreta- 
tion of kinetic studies by means of 

Ekenstam’s equation leads to the 

evaluation of two different rate 

constants and activation energies in 
the degradation reaction. Finally, 
the electron microscope photographs 
reveal significant differences be- 
tween individual fibers resulting 
from wet-milling and those pro- 
duced by the hydrolytic reaction. 

Author 
Text. Research J. Nov. 1948 


Crystalline-Amorphous Ratio 
in Cellulose Fibers 


Ratio of crystalline-amorphous re- 
gions in cellulosic fibers. P. H. 
Hermans. J. chim. phys. 44, 
135-40 (1947) (through Chem. 
Abstr. 42, 3561c (May 20, 1948)). 


Crystalline regions are defined as 
those which contribute to maxima 
in x-ray diagrams, the remainder of 
the fiber being considered amor- 
phous. Chemical evaluations of 
crystallinity are unreliable because 











of the complex nature of accessibjl. 
ity. Physical evaluations are based 
on 4 criteria: moisture absorption 
and heat of wetting; density; rate of 
orientation; and x-ray diffraction | 
data. These evaluations give re. 
sults agreeing closely in magnitude, 
Crystalline areas are estimated 
to be 60% in ramie, 50% in wood 
pulp, and 25% in rayons. There 
is very little difference among differ. 
ent regenerated rayons in crystalline 
content, regardless of degree of 
orientation. 

Text. Research J. Nov. 1948 



















Quantitative x-ray investigations on 
the crystallinity of cellulose fibers, 
A background analysis. P. H. 
Hermans and A. Weidinger. J. 
Applied Phys. 19, 491-506 (May 
1948). 


A quantitative x-ray investigation 
of the crystalline-amorphous ratio 
in native and regenerated cellulose 
fibers is reported. The ordered and 
disordered fractions for cotton, cot- 
ton linters, ramie, and flax fibers 
were found to be equal. In cello- 
phane, Lilienfeld rayon, and cup- 
rammonium rayon, the ordered and 
disordered fractions were also found 
to be equal. The absolute per- 
centage of the crystalline portion is 
70+2% for the native fibers and 
394+3% for the rayons. The x-ray 
data indicate that the fraction ex- 
hibiting lateral order in either two 
or three dimensions should be in- 
cluded in the concept of crystallinity 
in fibers. L. P. Witnauer 


Text. Research J. Nov. 1948 






























Cellulose Gels 


Deformation of cellulosic gels: net- 
work of slightly flexible chains. 
J.J. Hermans. J. chim. phys. 44, 
117-20 (1947); cf. C.A. 42, 3204d 
(through Chem. Abstr. 42, 3238h 
(May 20, 1948)). Cf. TEXTILE 
RESEARCH JOURNAL 18, 319 (May 
1948); 443 (July 1948). 


A theory of deformation of non- 
rubberlike materials whose network 
is composed of short chains is de- 
veloped mathematically. Expres- 
sions are derived linking orientation 
of chains with network extension 
and _ birefringence. The present 
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theory is compared with that pre- 
sented by Kratky (C.A. 36, 6793) 
for networks of rodlike links. 


Text. Research J. Nov. 1948 


Measurement of 
Compressional 
Characteristics 


Compressional behavior of textile 
materials. I. Measurement at 
a constant rate of deformation. 
Rogers B. Finch. TEXTILE RE- 
SEARCH JOURNAL 18, 165-77 
(Mar. 1948). 


The description of an instrument to 
measure the compressional char- 
acteristics of textile materials at a 
constant rate of compression and 
recovery, utilizing the high speed 
and sensitive response characteris- 
tics of a resistance-wire strain gage 
cantilever load cell, is given. It 
employs a_ high-speed, sensitive, 
rectilinear, electronic recorder in 
conjunction with the strain gages in 
an amplified and rectified A.C. 
Wheatstone bridge. Reversal of 
the direction of travel of the de- 
forming foot is obtained by use of 
manual- or limit-switch controlled 
magnetic clutches. A wide range 
of load scales and traveling foot 
speeds may be obtained. Response 
curves are given for a variety of 
textile materials to indicate their 
behavior characteristics and _ illus- 
trate the many ways in which the 
instrument may be employed. 

Author 
Text. Research J. Nov. 1948 


Compressional behavior of textile 
materials. II. Measurement of 
compressional stress relaxation 
at constant deformation. Rogers 
B. Finch. TEXTILE RESEARCH 
JOURNAL 18, 237-43 (Apr. 1948). 


An instrument to measure com- 
pressional stress-relaxation charac- 
teristics of textile materials at a 
constant compression, utilizing the 
sensitive response characteristics of 
a resistance-wire strain-gage canti- 
lever weighbar, is described which 
employs a deflection galvanometer 
in conjunction with the strain 
gages in a D.C. Wheatstone bridge. 











Compression is applied instantane- 
ously to the specimen and the semi- 
log rate of stress relaxation is deter- 
mined as a characteristic parameter 
of the behavior of the textile ma- 
terial. Author 


Text. Research J. Nov. 1948 


Cotton Research 


Cotton—A versatile textile fiber. 
Earl E. Berkley. TEXTILE RE- 
SEARCH JOURNAL 18, 71-88 (Feb. 
1948). 


Certain recent researches on cotton 
are reviewed, together with further 
data on natural variations of it as 
found on the cottonseed and modi- 
fications of the fiber by chemical and 
physical treatments. No attempt 
has been made to present a general 
review. A more extensive over-all 
treatment of cotton quality may be 
found in a report by the Bureau of 
Plant Industry (‘‘Better Cotton,” 
U. S. Department of Agriculture, 
1947). Cotton fibers grow first in 
length, then in thickness. The 
physical properties of the fiber and, 
therefore, its use value are deter- 
mined by its length, fineness, and 
cell-wall construction, all of which 
are genetically controlled but are 
also subject to modifications by 
weather conditions during growth. 
Since fiber length is established be- 
fore the cell walls thicken, length 
and cell-wall structure may be in- 
fluenced independently. As growth 
proceeds there is a general trend 
toward compensation of loss of 
fiber length by added strength and 
vice versa; however, the failure of 
weather conditions to remain the 
same throughout the growing period 
of the fiber may result, for example, 
in short, weak fiber or long, strong 
fiber. Cotton fibers may be modi- 
fied by swelling treatments while 
tension isapplied. Such treatments 
may increase the fiber strength at 
the expense of other properties. 
The spinning quality of cotton is 
dependent upon a combination of 
fiber properties and upon the spin- 
ning technique used. In general, 
however, the size of yarn or thread 
made from cotton is dependent upon 
its fiber length. Fora given length, 
fiber fineness, and even strength, 
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may influence the maximum count 
to be expected. Strong yarns re- 
quire relatively strong fiber for 
any given fiber length and fineness. 
Uniformity of fiber length undoubt- 
edly influences the ease of manu- 
facture and the percentage of waste 
to be expected from a given cotton, 
but it is indicated that well-bred 
modern varieties have sufficient 
length uniformity to give good re- 
sults. Within a variety, however, 
growth conditions, ginning, and bal- 
ing may affect the fiber-length uni- 
formity enough to influence fiber 
property-yarn strength  relation- 
ships. Since variety characteristics 
may be influenced by growth condi- 
tions, causing positive varietal re- 
lationships to reverse and become 
negative for environment, the anal- 
yses of data consisting of fiber prop- 
erties and yarn strengths, except 
for very general treatments, will 
give more information if variety 
and environmental effects can be 
segregated. It is indicated that if 
good certified seed of suitable varie- 
ties for each type of environment 
are planted, cotton of acceptable 
quality can be produced throughout 
the Cotton Belt. In selecting a 
cotton for specialized uses, variety 
and growth conditions as well as 
grade and staple should be con- 
sidered for best results. Author 
Text. Research J. Nov. 1948 


Creep of Rayon 


An experimental study of the creep 
of rayon. M. T. O’Shaughnessy. 
TEXTILE RESEARCH JOURNAL 18, 
263-86 (May 1948). 


The mechanical properties of textile 
fibers are more complex than those 
of unoriented amorphous high poly- 
mers. The viscoelastic behavior 
of the latter, both cross-linked and 
uncross-linked, may be analyzed in 
terms of mechanical models of linear 


elements (Hookean springs and 
Newtonian dashpots); partially 
crystalline polymers, particularly 


textile fibers, are by contrast non- 
linear in their behavior. From an 
experimental viewpoint such non- 
linear behavior is best character- 
ized by means of creep or relaxation 
experiments. This paper deals with 
a thorough study of the creep be- 
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textile Cordura yarns at 60% R.H. , , (Mar. 1948). 
and 70°F, supplemented by a less Improvements in the acid-hydroly- 
detailed study of the creep of these 
materials when immersed in water. 
In addition to experiments in which 
creep of 24 hrs.’ duration was fol- 
lowed by 24 hrs.’ recovery, others 
were performed in which the dura- In a study of the acid-hydrolysis 
tion of creep was varied systematic- method (Philipp, Nelson and Ziifle, 
ally from 24 hrs. to 6 secs. These TZ. R. J. 17, 585 (1947)) for the 
experiments reveal that the creep determination of the degree of 
curves of rayon, obtained on samples crystallinity of cellulose fibers, a 
not ‘“‘mechanically conditioned’ in technique has been developed for 
any way, follow a characteristic thesolvent removal from the hydrol- 
pattern which may be described as _ ysis residues of all but traces of the 
(1) an initial instantaneous and humic substances which are formed 
completely recoverable elongation, from the soluble hydrolysis products 
(2) a relatively rapid high elastic and which interfere with the crys- 
elongation exhibiting delayed but  tallinity determination. Although 
complete recovery, gradually giving ammonium hydroxide and pyridine 
place to (3) a slow process of elonga- were effective solvents, hot 50% 
tion, proportional to log time in aqueous monoethanolamine was 
first approximation, which is not found to be the most practicable 
recoverable and which, as it goes on, means of removing these humic sub- 
results in changes in the capacity of | stances. Its effectiveness was dem- 
the fiber to recover from the earlier onstrated (a) by showing that the 
elastic deformation components. weights of the extracted residues 
Not all of the characteristic creep were the same as the weights of 
curve may be observed at an arbi- residues corrected by computations 
trarily selected load, because of the based on data from experiments 
strong nonlinearity; its character with glucose: (b) by varying the 
may be deduced from the totality liquid-solid ratio during hydrolysis 
of experiments. Wet rayons ex- and showing the uniformity of the 
hibit important differences, notably weights of the resulting ethanol- 
an increase in range and a great amine-extracted residues; and (c) 
decrease in retardation of the high by obtaining equal extrapolated 
elastic deformation. The experi- values for degree of crystallinity 
ments described were performed from parallel extracted and unex- 
with constant dead loads. When tracted but mathematically cor- 
these loads are corrected to ten- rected hydrolysis series. Data are 
sions, taking account of the decrease presented to show that preliminary 
of cross section of the yarn upon extraction with either 1% sodium 
elongation, plots of initial and final hydroxide or ethanolamine to re- Hydroxyazo Dyes 
creep deformations and of 24-hr. move the noncellulosic constituents 
recoveries against tension show very does not change the crystallinity Structure and absorption of hydrox- 
interesting regularities. Sodoplots values of samples of cotton and yazo dyes. P. Ramart-Lucas 
of 24-hr. recovery vs. total creep cotton linters. A revised crystal- and M. Martynoff. Bull. soc. 
deformations for various loads and _ linity procedure is described which chim. France 1947, 986-96; cf. 
durations of creep. A composite incorporates the improvements de- C.A. 40, 43576 (through Chem. 
plot of elongation divided by tension — scribed above. Authors Abstr. 42, 2870h (May 10, 1948)). 
vs. log time for all loads provides a Text. Research J, Nov. 1948 Benzene derivatives of the p-series 
representation of the nonlinearity exist chiefly in the hydroxyazo 
. the — = these ee Effect of Grinding form, HOCsH4N:NPh, and show a 
“iit tg nina a tol on Crystallinity weak absorption band (A) in the 
visible and a stronger band (B) in 
which is suggestive of the effect of Effect of grinding on the crystallinity the middle ultraviolet. Ether and 
temperature upon the viscoelastic of cellulose fibers, as indicated ester derivatives have essentially 
behavior of cross-linked amorphous by the acid-hydrolysis and other the same spectra. When the qui- 
polymers. Author techniques. Mary L. Nelsonand  none-hydrazone structure, O:CsH:: 
Text. Research J. Nov. 1948 Carl M. Conrad. TExTILE RE- NNHPh, is present, A and B are 


ing—for example, through a 2-mm, 
sieve—causes a detectable reduction 
in indicated degree of crystallinity, 
and that as the severity of grinding 
increases the degree of crystallinity 
drops correspondingly. This drop 
is not caused by passage of more of 
the finely ground particles from the 
more severely ground samples 
through the filters. When the 
ground samples were moistened 
with water and allowed to dry, a 
portion of the lost crystallinity was 
regained. The acid-hydrolysis re- 
sults are supported by accessibility, 
heat of wetting, and moisture ad- 
sorption measurements, which, with 
few exceptions, indicate increasingly 
larger amounts of amorphous ma- 
terial in the samples receiving the 
more severe grinding. While the 
x-ray diffraction patterns did not 
reveal any effect of the most severe 
grinding, it is assumed that the 
changes were not sufficient to per- 
mit their detection by this means. 
Some implications of the results on 
the interpretation of cellulose struc- 
ture are discussed. Authors 
Text. Research J. Nov. 1948 


sis method of determining the A study was made of an effect preyi- 
crystallinity of cellulose. Mary ously noted, that grinding cotton f 
L. Nelson and Carl M. Conrad. fibers in a Wiley mill causes a re. 
TEXTILE RESEARCH JOURNAL 18, duction in degree of crystallinity as 
149-54 (Mar. 1948). determined by the acid-hydrolysis 
method. It is shown on samples of 
purified linters and cut cotton, 
ground under conditions of increas- 
ing severity, that even mild grind- 
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‘replaced by a very intense band 
¥(C), near A. 
»compounds are used, A and B 
' are displaced toward longer wave 
' lengths, and C is more often found. 


When naphthalene 


In some cases in the p-series, and 


' more often in the m-series, another 
' band (D) appears, which is very 
close to A, but much more intense. 


It may be present in the dyes, their 
ethers and esters, and in neutral 
solutions. Since it does not depend 
on structural changes in the dyes, it 
must be due to a different electronic 
state of N, and is analogous to 
similar electronic differences pre- 
viously found in dyes of the Ph;- 
COH series. 

Text, Research J. Nov. 1948 


Glucose Structure 


Open chain sugars. I. Absorption 
in ultraviolet of D-glucose and 
L-arabinose in acid solution. 
Eugene Pacsu and Lejaren Ar- 
thur Hiller, Jr. J. Am. Chem. 
Soc. 70, 523-6 (Feb. 1948). 


It has been found that D-glucose 
and L-arabinose in 50.5% sulfuric 
acid solutions show strong absorp- 
tion at wave length 2840A. which 
is characteristic for carbonyl-con- 
taining compounds. After neutral- 
ization with sodium bicarbonate, 
the slightly acidic solution still ex- 
hibits this band which, however, 
instantaneously disappears on ren- 
dering the solution barely alkaline. 
A possible mechanism is suggested 
for explanation of the behavior in 
strong acids of sugars with ring 
structures by assuming the forma- 
tion of molecular compounds be- 
tween the acid molecules and the 
open-chain forms of the sugars. 
From D-glucose in superconcen- 
trated hydrochloric acid solution, 
an amorphous acetate has been ob- 
tained which, unlike the alpha- 
and beta-pentoacetate, exhibits 
strong absorption at 2840A in 
chloroform solutions. Author 
Text. Research J. Nov. 1948 


Effect of Light on Rayon 


Changes in rayon on exposure to 
light. Wilfried Schappi. Tex- 
til-Rundschau 2, 363-70 (1947) 


(through Chem. Abstr. 42, 2437e 
(Apr. 10, 1948)). 


The sensitivity of rayon to light was 
determined by measuring the chem- 
ical, physical-chemical, and mechani- 
cal changes in the fibers exposed to 
light (from the sun). The influ- 
ences of atmospheric moisture, of 
the suspension medium, and of the 
short-wave solar radiation are con- 
sidered. Jbid. 412-17, 443-50; 3, 
9-19 (1948). A study of the light- 
sensitivity of dull viscose rayon in- 
dicated that these yarns are almost 
twice as sensitive to light as bright 
rayon yarn or cotton. The tensile 
strength and elongation of dull 
viscose rayon, measured air-dried 
and wet, decrease in linear propor- 
tion with the energy of the sunlight; 
the Cu number increases in linear 
proportion at the beginning of the 
exposure and accelerates toward the 
end. According to the silver de- 
posit obtained from an alkaline 
solution of a complex silver-am- 
monium compound, all the 40 fibers 
of an exposed dull viscose rayon are 
damaged homogeneously in a cross 
section. In absolutely dry air dull 
viscose fibers are not attacked for 
20 sunny days. Chromium acetate, 
manganous acetate, and manganous 
nitrate partially protect dull rayon 


from disintegration by _ sunlight, 
but each imparts a color to the 
yarns. | 


Text. Research J. Nov. 1948 


Non-Linear Viscous 
Elasticity 


Non-linear viscous elasticity and 
the Eyring shear model. George 
Halsey. J. Applied Phys. 18, 
1072-97 (Dec. 1947). 


Theoretical portions from a series of 
previously reported papers (TEX- 
TILE RESEARCH JOURNAL 17, 465-76 
(Sept. 1947); cf. 18, 557-9 (Sept. 
1948)) in which the stress-strain 
relationships observed in experi- 
ments with textile fibers were an- 
alyzed are presented. Six rules 
for analyzing stress-strain curves, 
the thixotropic viscous element, 
and constant force springs are dis- 
cussed. L. P. Witnauer 


Text. Research J. Nov. 1948 
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Pile Bombardment on 
Elastomers 


Effects of pile bombardment on un- 
cured elastomers. W. L. David- 
son and I. G. Geib. J. Applied 
Phys. 19, 427-33 (May 1948). 


The effects of pile bombardment on 
natural rubber, butyl rubber, and 
polyisobutylene are studied. Un- 
cured natural rubber undergoes a 
slight curing action, a slight de- 
crease in unsaturation, and shows a 
weak but measurable radioactivity 
days after bombardment. A typi- 
cal butyl rubber stock is perma- 
nently degraded. Polyisobutylene 
shows an appreciable degradation, 
no change in unsaturation, and 
little radioactivity after bombard- 
ment. L. P. Witnauer 
Text. Research J. Nov. 1948 


Thermodynamics of a 
Strained Elastomer 


The thermodynamics of a strained 
elastomer. I. General analysis. 
M. Mooney. J. Applied Phys. 
19, 434-44 (May 1948). 


The thermodynamic functions of 
principal interest in a strained elas- 
tomer are the entropy and energy 
of deformation. The volume is of 
secondary importance, and it can 
be assumed with sufficient accuracy 
for most purposes that the volume 
is linear in the temperature and the 
mean pressure. The basic partial 
differential equations of thermo- 
dynamics can then be integrated 
yielding expressions for the energy 
and entropy of deformation in terms 
of observable quantities. In the 
present analysis the volume effects 
caused by changes in mean pressure 
and crystallinity are taken into 
account, and the effects associated 
with change in shape are sharply 
separated from those associated with 
change in volume. It is shown that 
the superelastic functions of de- 
formation previously published (M. 
Mooney, J. Applied Phys. 11, 582- 
92 (1940)) have a very general 
validity. Author 
Text. Research J. Nov. 1948 


The thermodynamics of a strained 
elastomer. II. Compressibility. 
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L.E. Copeland. J. Applied Phys. 

19, 445-9 (May 1948). 
Adiabatic compressibility coeffi- 
cients were measured for a series of 
cured polymers of commercial types 
under pressures up to 5,000 Ib./in?. 
In most cases, the second order as 
well as the first-order coefficient 
could be determined from the data. 
The linear isothermal compressibil- 
ity also was calculated from the 
measured linear adiabatic coeffi- 
cient. Preliminary measurements 
of the thermal expansion of a 
stretched Hevea gum stock show 
that there is a slight decrease in ex- 
pansion at the 200% elongation, 
presumably due to partial crystal- 
lization. Author 
Text. Research J. Nov. 1948 


The thermodynamics of a strained 
elastomer. III. The thermal co- 
efficient of modulus and the 
Statistical theory of elasticity. 
L. E. Copeland and M. Mooney. 
J. Applied Phys. 19, 450-5 (May 
1948). 

Published thermoelasticity data are 

critically analyzed by means of 

thermodynamic equations developed 
in the first paper of this series. 

Equations known to be of the proper 

form are fitted by least squares to 

the experimental data, which were 
first corrected to allow for the 
changes in shape when tested under 
variable temperature and constant 
length. If the measurements are 
accepted as truly reversible, the 
data show that several different 
elastomers depart considerably in 
some respects from the predictions 
of the statistical theory of elasticity. 

Some thermoelasticity measure- 

ments in torsion are reported which 

seem to give the most reliable 
evidence that stress is proportional 
to absolute temperature. Authors 

Text. Research J. Nov. 1948 


Mechanism of Fracture 


Mechanism of fracture of glass and 
similar brittle solids. \V. Tay- 
lor. J. Applied Phys. 18, 943-54 
(Nov. 1947). 

A theory is proposed which con- 

nects breaking stress with its dura- 

tion of application. According to 
this theory, a material cannot be 


assigned one characteristic tensile 
strength because of various molecu- 
lar and atomic mechanisms which 
take place allowing the material to 
be broken at any stress if the stress 
is applied long enough. These 
mechanisms which determine the 
time of fracture are ‘‘primary creep,”’ 
“‘slip,”’ and ‘‘delayed elastic adjust- 
ment.’’ Other factors which affect 
the strength of brittle materials are 
chemical environment, stresses in- 
troduced in the preparation of the 
test specimen, the method of test- 
ing, and the size and shape of the 
material. The validity of the theory 
is demonstrated with the fracture 
data available on various glasses. 
Application to certain aspects of 
fatigue metals under stress-corro- 
sion conditions and also to failure 
by fracture of the more rigid organic 
plastics is indicated. L. P. Witnauer 
Text. Research J. Nov. 1948 


Fractionation of Lignin 


A diffusion analysis of refined lignin 
sulfonic acid. E. D. Olleman, 
D. E. Pennington, and D. M. 
Ritter. J. Colloid Sci. 3, 185-95 
(June 1948). 


Lignin sulfonic acid was fraction- 
ated by precipitation of the barium 
salts with acetone. About 30-40% 
of the product had an average mo- 
lecular weight by diffusion of 1,500- 
2,000, and 50-60% had an average 
molecular weight of about 20,000. 

E. D. Klug 
Text. Research J. Nov. 1948 


Nylon 


Nylon. J. Putnik. Chemie (Prague) 
3, 10-13 (1947) (through Chem. 
Abstr. 42, 3966b (June 10, 1948)). 


Putnik presents roentgenograms of 
oriented and nonoriented mole- 
cules of polyhexamethylenesebacam- 
ide and polyhexamethyleneadipam- 
ide in the temperature’ range 
20-230°C. From the sharpness of 
lines in the roentgenograms Putnik 
considers the preceding compounds 
as superpolyamides with chains 
linked similar to proteins but with 
linear chain molecules composed of 
segments which are not dependent 
upon each other and which behave 
as ordinary micromolecules. At 


TEXTILE RESEARCH JOURNAL 


higher temperatures these segments 
begin to show some rotation and 
when they form slowly (as when 
cooled at high temperatures) they 
produce a fine crystal lattice indi- 
cating a recrystallization. 

Text. Research J. Nov. 1948 


Density of Nylon 


The density of undrawn, drawn, and 
annealed nylon filaments. C. F. 
Black, III, and Malcolm Dole. 
J. Polymer Sci. 3, 358-64 (June 
1948). 


The densities of undrawn and drawn 
nylon (nylon 6-6) are increased 
from 1.1339 and 1.1384 to 1.1564 by 
annealing at the highest possible 
temperature short of melting. The 
most rapid increase in density is 
obtained by annealing at 210°C. 
The temperature coefficient of the 
density as measured at room tem- 
perature is greater for the drawn 
form. The density calculated by 
Bunn from x-ray data, 1.24, is 
greater than the highest value ob- 
tained by annealing. E. D. Klug 
Text. Research J. Nov. 1948 


Polyamides 


Polymeric amides from _ epsilon- 
caprolactam. \. E. Hanford and 
R. M. Joyce. J. Polymer Sct. 3, 
167-72 (Apr. 1948). 

Polymerization of €-aminocaprolac- 

tam by heat is very difficult. How- 

ever, subjecting it to a preliminary 
hydrolytic treatment by heating 
with water under pressure followed 
by distillation of the water and 
heating at 220-300°C gives high 
polymers. Polymerization is also 
effected by treating the lactam with 
sodium metal to form the sodium 
salt which acts as an initiator. The 
optimum molar ratio of salt to lac- 
tam for high-molecular-weight poly- 
mers is 1:150to1:225. FE. D. Klug 
Text. Research J. Nov. 1948 


Polyamide Structure 


Spherulite formation in polyhexa- 
methylene adipamide. C. K. 
Langkammerer and W. E. Catlin. 
J. Polymer Sci. 3, 305-13 (June 
1948). 


Polyhexamethylene adipamide pre- 
pared by slowly cooling the melt 
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or by slow evaporation of a phenol 
solution is opaque owing to the 
formation of spherulites. Trans- 
parent polymer containing very 
few spherulites and a low degree of 
' lateral order may be obtained by 
rapidly cooling the molten polymer. 
Heat treatment or ageing increases 
the lateral order without increasing 
the number of spherulites. The 
presence of spherulites decreases 
tensile strength and workability. 

E. D. Klug 

















Text. Research J. Nov. 1948 







Swelling of Polymers 


Influence of structure on polymer- 
liquid interaction. II. Influence 
of nitrile groups. G. Salomon. 
J. Polymer Sci. 3, 173-80 (Apr. 
1948); Cf. TEXTILE RESEARCH 
JOURNAL 17, 646 (1947). 

The equilibrium swelling of vul- 
canized copolymers of acrylonitrile 
with (1) butadiene, (2) isoprene, 
and (3) dimethylbutadiene in vari- 
ous solvents was determined. The 
change in equilibrium swelling with 
acrylonitrile content is plotted. 

Text. Research J. Nov. 1948 E. D. Klug 






















Transition Points of Polymers 


Refractometric determination of 
second-order transition tempera- 
tures in polymers. II. Some 
acrylic, vinyl halide, and styrene 
polymers. R. H. Wiley and B. 
M. Brauer. J. Polymer Sct. 3, 
455-61 (June 1948). 

Refractive index data within +30 

to 50°C of the transition tempera- 

ture are given for several different 
vinyl-tvype polymers and_ copoly- 
mers. The data show discontinui- 
ties which locate the second-order 
transition temperatures for these 
polymers. E. D. Klug 
Text. Research J. Nov. 1948 






















High Polymers 


Note on the volume effect of coiling 
molecules. R.Simha. J. Poly- 
mer Sci. 3, 227-30 (Apr. 1948). 

A mathematical analysis. 

Text. Research J. Nov. 1948 








Polymer Electrolytes 


Polyelectrolytes. II. Poly-4-vinyl- 
pyridonium chloride and poly-4- 








vinyl- N-n-butylpyridonium bro- 

mide. R. M. Fuoss and U. P. 

Strauss. J. Polymer Sci. 3, 246- 

63 (Apr. 1948). 
Poly-4-vinylpyridine (D.P. 730) was 
prepared by polymerizing in toluene 
with benzoyl peroxide. The hydro- 
chloride is water-soluble. Addition 
of butyl bromide to the polymer in 
nitromethane gave a_ long-chain 
quaternary ammonium salt which is 
water-soluble. The behavior of 
these products in solution is dis- 
cussed. E. D. Klug 
Text. Research J. Nov. 1948 


Viscosity Coefficient 


Effect of ageing and of solvent com- 
position on the coefficient 7,,/c. 
J. Chédin. J. chim. phys. 44, 
141-4 (1947) (through Chem. 
Abstr. 42, 3238g (May 20, 1948)). 

Measurements on nitrated cotton 
linters dissolved in anhydrous 
(CH3)2CO showed a decrease of 
Nsp/¢ With ageing, but an approxi- 
mate constant value of lim 4s)/c. 
Ageing was at approximately 18°C 
in a stoppered flask exposed to 
diffuse room illumination. The 
presence of up to 5% H.O acceler- 
aged the drop, whereas CgH¢ tended 
to retard it, but did not change the 
finally attained values. It is prob- 
able that the ageing is not caused by 
chain rupture or by chain coiling, 
but is attributable to the dispersion 
of micellar aggregates into molecu- 
lar chains. 

Text. Research J. Nov. 1948 


BLEACHING: DYEING: 
FINISHING 


* 


New Finishes 


New Monsanto finishes announced. 
Anon. Am. Wool and _ Cotton 
Reptr. 62, 11, 12 (July 1, 1948). 

Chemical means of speeding the 

spinning of yarn involves the ap- 

plication of submicroscopic, non- 
abrasive silica particles to the fiber 
before processing to improve the 
control of friction between fibers. 

Wrinkleproof finishes and synthetic 

sizing agents are also reported. 

A. L. Landau 


Text. Research J. Nov, 1948 


699 


Fabric Finishing Materials 


Fabric finishing materials. A. EF. 


Hirst. Textile Inds. 112, 201, 
203, 204, 207, 209, 211 (July 
1948). 


A review of developments in finish- 
ing materials. }.ew dyes and dyeing 
machinery, and new finishes which 
are resistant to water, fire, mildew, 
insects, and the formation of wrin- 
kles, are discussed. A. L. Landau 
Text. Research J. Nov. 1948 


Finishing with Starch 


Some problems concerning textile 
finishing with starch. Jens Jen- 
sen. Tids. Textiltekntk. 5, 121-6 
(1947) (through Chem. Abstr. 42, 
3966g (June 10, 1948)). 

To find the conditions which give 
the best and most definite results in 
the finishing processes of textiles 
used purely empirically up to now, 
the following colloid-chemical prop- 
erties of various pototo and wheat 
starches were investigated: the 
power of paste formation, cold and 
hot, viscosity of the starch mass in 
a capillary viscometer, the changes 
in degree of swelling of the starch 
by photoelectrical determination of 
the transparency of the mass, the 
adhesive power by means of filter 
paper strips in a testing apparatus, 
which determines the resistance to 
a number of bending and stretching 
effects on 8 strips stretched between 
2 clamps and moved mechanically 
back and forth around 2 metal 
rolls. Each strip is connected with 
an electric recorder which indicates 
the number of movements and the 
breaking point. Tests with different 
commercial wetting and emulsifying 
agents added to the starch masses 
showed that they can affect the 
viscosity and degree of swelling of 
the mass and thus reduce the ad- 
hesive power in the textile, differ- 
ently for the different starches. 

Text. Research J. Nov. 1948 


Mercerization and 
Barium Number 
Mercerization and the barium num- 

ber. S. M. Edelstein. Textile 
Age 12, 7, 10, 11, 14 (July 1948). 
The degree of mercerization of a 
cotton varn can be indicated by 
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determining the barium number of 
the sample, which indicates com- 
pleteness of the reaction between the 
mercerizing caustic and the cotton. 
Other tests for determining the de- 
gree of mercerization are discussed 
briefly. A. L. Landau 


Text. Research J. Nov. 19-48 


Preparation of Size Mixes 


Preparation of size mixes. L. H. 
Elizer. Textile Bulletin '74, 64, 66 
(July 1948). 

The components of size formulas 

and the reasons for their use are 

discussed. 

Text. Research J. Nov. 1948 


Dyeing, Bleaching, and 
Finishing Equipment 


Dyeing, bleaching, and finishing 
equipment. H.W. Butterworth. 
Textile Inds. 112, 187, 189, 191, 
195, 199 (July 1948). 


The history of the development of 
finishing and dyeing machinery 
with emphasis on important me- 
chanical and processing improve- 
ments. A. L. Landau 
Text. Research J. Nov, 1948 


Dyeing Auxiliaries 


Auxiliary products for dyeing. An- 
dré Wolff. Teintex 13, 85 (1948) 
(through Chem. Abstr. 42, 3963f 
(June 10, 1948)). 


The following are discussed: prod- 
ucts used as detergent, wetting, 
emulsifying, frothing, dispersing, 
and fixing agents derived from fats, 
rosin and hydrogenated rosin, para- 
fin and aryl paraffin hydrocarbons, 
and aromatic hydrocarbons; prod- 
ucts used as finishing and sizing 
agents derived from starches and 
celluloses, synthetic resins, and 
emulsions of waxes and paraffins. 
Text. Research J. Nov. 1948 


Dyeing of Nylon 


The dyeing of nylon. R. Wittwer. 
Teintex 13, 48 (1948) (through 
Chem. Abstr. 42, 3965c (June 10, 
1948)) 


Discussion of 3 methods: (1) in- 
soluble dyes dispersed in H.O, (2) 








wool dyes in an acid bath, and (3) 
direct and acid dyes in a neutral 
bath. Néolane dyes are applied in 
a 4% H.SO, solution with good 
results. Fastness to washing in 
Na2CO; solution at 50°C is almost 
perfect. Wool-nylon mixtures are 
dyed with Néolane dyes in 8% 
H.SO,. The Pad-Steam process of 
Du Pont consists of using a dye 
solution (neutral or ammoniacal) 
on the fiber which has been swelled 
by steaming for 1 hr. The dye 
penetrates and is next fixed in an 
acid bath. The Ciba process, how- 
ever, uses ammonium _ tartrate, 
which on steaming gives an acid 
medium and simultaneously fixes 
the dye in the swelled fibers. 

Text. Research J. Nov. 1948 


Polymethine Dyes 


The polymethine dyes. Henri 
Wahl. Teintex 13, 77 (1948) 
(through Chem. Abstr. 42, 3963e 
(June 10, 1948)). 


The preparation, properties, and 
uses of the cyanines and isocyanines. 
An elementary electronic discussion 
of the light absorption characteris- 
tics of the polymethines is included. 
Text. Research J. Nov. 1948 


Fastness of Dyes 


Proposed system of examination, 
evaluation, and classification of 
fastness of dyes and dyeing. E. 
W. Thommen. Teintex 13, 44 
(1948) (through Chem. Abstr. 42, 
3965a (June 10, 1948); cf. TEx- 
TILE RESEARCH JOURNAL 18, 318 
(May 1948)). 


Pictures and description are given 
of a machine for testing the fastness 
of dyes in dyed test strips. Use of 
this machine standardizes the pro- 
cedure and gives consistent results. 
Four tests are described: (1) a 
test strip is treated 30 min. at 40°C 
with a solution of 5 g. of soap used 
for ordinary direct, acidic, basic, 
and acetate dyes; (2) solution of 5 g. 
soap and 2 g. Na»COs; for 30 min. 
at 60°C, used for cotton dyes, 
diazotized, coupled, sulfur, chrome, 
acidic, and acetate dyes; (3) solu- 
tion of 5 g. soap and 5 g. NaeCO; 
for 30 min. at 95°C, used for vat, 
naphthol, and aniline black dyes; 


TEXTILE RESEARCH JOURNAL 


(4) boiling under pressure, used for 
vegetable fibers dyed with vat and 
naphthol dyes. Charts of 16 differ. 
ent colors have been established 
which show the washing out, change 
in shade, and simultaneous action, 
Each chart contains 5-8 gradations 
in tone and quickly shows the classj- 
fication of the dye in respect to 
fastness. 

Text. Research J. Nov. 1948 














Trends in Dyeing 






New trends in dyeing. E. Trepka. 
Przemyst Chem. 3, 457-67 (1947) 
(through Chem. Abstr. 42, 3573c 
(May 20, 1948)). 

New trends in the application of 

dyes are described and modern 

dyeing methods reviewed. 

Text. Research J. Nov. 1948 












FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 








* 
| 


Raw Cotton 








A discussion of cotton grades. 
Carl D. Brandt. Whitin Review 
15, 14-8 (Mar. 1948). 


Desirable qualities of cotton fibers 
are defined by means of fiber-dis- 
tribution diagrams. An account is 
also given of causes of fiber varia- 
tion. L. A. Fiori 
Text. Research J. Nov. 1948 
















Flax 
Flax from the Northwest in in- 
dustry. P. R. Moore. Chem- 





urgic Digest 7, 15-17, 31 (Apr. 
1948). 


World flax production and_ the 
history of linen are reviewed. Prog- 
ress of the use in fabrics of flax 
grown in northwestern United States 
primarily for the seed it produces is 
traced. R. W. Eyler 
Text. Research J. Nov. 1948 














Nylon Processing 







Nylon processing before weaving. 
Anon. Am. Wool and _ Cotton 
Reptr. 62, 15-17 (July 15, 1948). 
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An authoritative description of the 
method followed from the delivery 
of the package by the spinner to the 
separation of the warp and filling. 
Twist-setting, winding tension, 
warping, and sizing are discussed. 































‘ion, 
ions A. L. Landau 
issi- [EP Text. Research J. Nov. 1948 
to 
Report on Ramie 
Ramie today. H. T. Coss and 
.L. Taylor. Textile Inds. 112, 
99, 101, 105, 107, 109, 111, 113, 
ka. P 145, 117, 119, 172, 173 (Aug. 
47) F 1948). 
se A report of an extensive investiga- 
tion into the properties and com- 
of | mercial potentialities of ramie. 
‘Tl —F Degumming, decortication, proc- 
essing on the cotton spinning sys- 
tem, dyeing, and finishing are dis- 
cussed. Comparative tests of the 
properties of ramie and cotton are 
S: — reproduced. It is concluded that 
\§ — ramie fiber can be processed profit- 
ably on a commercial basis using 
adaptations of the cotton spinning 
system and spinning yarns to com- 
pete with linen. A. L. Landau 
Text. Research J. Nov. 1948 
S. 
: Degumming Ramie 
rs | Degumming ramie by new Austra- 





lian process. W.F.Prehn. Tex- 

tile Manufacturer 74, 304-6 (July 

1948). 
An account of the Wise process of 
degumming ramie. The stems of 
ramie are degummed under steam 
pressure. After drying the stems 
are crushed and the woody sub- 
stance removed to leave clean 
fibers. A. L. Landau 
Text. Research J. Nov. 1948 














Use of Ramie 





Ramie fiber and its by-products. 
W. G. Waldo. Chemurgic Digest 
7, 25-8, 33 (May 1948). 

The growth of ramie and the clean- 

ing and degumming of its fibers dre 

described. Ramie is also discussed 
as 2 possible source of industrial 
protein and of human and animal 
food. R. W. Eyler 
Text. Research J. Nov. 1948 





















Architecture of Wool Fibers 


The architecture of wool fibers. 
A. F. Barker. Textile Manufac- 
turer 74, 313, 315 (July 1948). 

A discussion of the composition of 

different types of wool fibers, illus- 

trated with micrographs. 
A. L. Landau 

Text. Research J. Nov. 1948 


Measurement of Fiber 
Bending 


A critical measuring technique for 
determining fiber bending. Wil- 
helm Klipper. Das Papier 1, 
21-5 (1947) (through Chem. Abstr. 
42, 35677 (May 20, 1948)). 

Fibers have been classified into 

those which are straight and those 

which are curved, sharply bent, or 
twisted. The relative number of 
straight, bent, or twisted fibers is 
determined by count and by means 
of fiber-dimension measurements. 
An evaluation of the number of 
curved fibers is obtained by deter- 
mining in individual fibers the rela- 
tionship between the actual length 
of the fiber and the linear distance 
between the ends of the fiber. This 
is schematically illustrated by means 
of drawings. This relationship is 
termed the Faserkriimmungsfaktor. 

Fiber-length determinations are best 

made by the technique of Brecht 

and Mory (C.A. 29, 6048"). 


Text. Research J. Nov. 1948 


Fiber and Fabric 
Structure 


Fibers and fabrics. Fletcher Chad- 
wick. Ann. Rept. Progress Rub- 
ber Technol. 10, 61-5 (1946) 
(through Chem. Abstr. 42, 3574: 
(May 20, 1948)). 

A review of important periodical 

and patent literature of 1943-46 on 

fiber and fabric structures, testing 
methods, and protective treatments. 

80 references. 

Text. Research J. Nov. 1948 


Paper Yarns and Fabrics 


Problems of impregnation of paper 
yarns and paper fabrics. III. 


Strength properties of paper fab- 
Monatschr. 


rics. Hans Rudolph. 
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Textil-Ind. 56, 19-23 (1941); cf. 
C.A. 35, 49578 (through Chem. 
Abstr. 42, 3569d (May 20, 1948). 


Paper fabrics made from yarns of 
spinning paper were impregnated 
with oil and with two compounds 
(L and C, no other identification 
given). The impregnation was car- 
ried out in a bath, by means of 
brushing, and with a jet spray. 
The tensile strength and degree of 
stretch of the dry impregnated and 
unimpregnated fabrics were de- 
termined. The fabrics were then 
wetted and redried and the strength 
values again determined at each 
step. Impregnation increased the 
tensile strength of the dry fabric 
by about 15%. The wet strength 
was 30 to 45% of the dry strength 
and was apparently unaffected by 
impregnation. The strength of the 
wetted and redried fabric was about 
75-80% of that of the original dry 
tensile strength. IV. Effect of im- 
pregnation on the moisture absorp- 
tion of paper yarns and fabrics. 
Ibid. 43—5.—Paper yarns and fabrics 
impregnated with 11 different com- 
pounds (designated by letter, com- 
position not given) were soaked or 
sprayed with water for varying 
lengths of time. The unimpreg- 
nated paper fabric absorbed about 
the same amount of water as jute 
fabric. Impregnation reduced the 
amount of water absorbed. Calen- 
dering the impregnated paper re- 
duced the degree of absorption still 
further. In general, the improve- 
ment in tensile strength of the fabric 
produced by impregnation is of 
greater importance than increased 
resistance to water absorption. 
Text. Research J. Nov. 1948 


Sheer Woolens 


The manufacture of gossamer wool 
fabrics. A. F. Barker. Text. J. 
Australia 23, 246 (June 21, 1948). 

A brief nontechnical discussion of 

the possibilities of manufacturing 

from fine merino wool an all-wool 
fabric weighing 3 oz./yd. L. A. Fiori 

Text. Research J. Nov. 1948 


Lightweight Worsteds 


Lightweight fabrics in worsted. 
Anon. Textile Weekly 42, 242, 
244 (July 30, 1948). 








The practical application of both 
“core” and ‘‘folded’’ wool-nylon 
yarns in the weaving processes is 
discussed. Yarn construction de- 
tails are given. L. A. Fiori 
Text. Research J. Nov, 1948 


Fabric Defects 


Defects in woolen and worsted 
yarns and fabrics. Foster Pickles. 
Textile Recorder 66, 61-4 (Aug. 
1948). 


A discussion of methods of ascer- 
taining defects and procedures to 
adopt to prevent or overcome such 
faults. Illustrated. L. A. Fiori 
Text. Research J. Nov, 1948 


Wearing Qualities 
of Fabrics 


The wearing qualities of fabrics. 
J. G. Williams. J. Text. Inst. 39, 
P164-74 (May 1948). 


Knowledge secured only by the care- 
ful examination of complaints from 
consumers is the real basis for the 
grading of the wearing qualities of 
fabrics. In the scheme adopted 
there are 5 grade groups ranging 
from the highest to the lowest 
grade. Standards are then estab- 
lished based on the investigations 
of consumer complaints on light- 
weight fabrics, cotton bed-sheeting, 
etc. The fabric qualities tested are 
tensile strength, bursting strength, 
tearing strength, enduring exten- 
sion, relaxation shrinkage, shrink- 
age due to felting, resistance to 
abrasion, thread slippage, seam 
strength, resistance to wetting, rain- 
proofing, color fastness, and effect 
of bleaching and dyeing. L. A. Fiori 
Text. Research J. Nov. 1948 


Air Control 


Air control in opening and picking. 
R. Z. Walker. Textile Bulletin 
74, 50, 52, 55, 56, 58, 60 (July 
1948). 


An account of the progress which 
has been made in controlling the air 
in cotton opening and picking. The 
modern condenser and air filter are 
described and their operation dis- 
cussed. A. L. Landau 
Text. Research J. Nov. 1948 


Shrinkage Control 


The Redman process for controlling 
shrinkage of knitted fabrics. A. 
W. Williams. Textile Age 12, 7, 
10, 11, 14, 16 (Aug. 1948). 

The process relaxes the tension of 

the fibers making up the yarn by 

mechanical means while in the 
presence of moisture and heat, then 
dries and shrinks the fibers at the 
same time. A. L. Landau 
Text. Research J. Nov. 1948 


Slasher Head End 


Slashers and slashing. A. E. Sil- 
cox. Textile Age 12, 56, 58-61 
(July 1948); cf. TExTILE ReE- 
SEARCH JOURNAL 18, 572 (Sept. 
1948). 

The binder rolls, delivery roll, and 

various types of press rolls of the 

slasher head end are discussed. 

Text. Research J. Nov. 1948 A. L. Landau 


Slashers and slashing. A. 
cox. Textile Age 12, 75- 
(Aug. 1948). 
Various types of friction devices of 
the slasher head end are described 
together with the problems con- 
nected with maintaining proper 
warp tension. A. L. Landau 
Text. Research J. Nov. 1948 


Knitting Defects 
Eliminated 


Seamless-hose streaks can be elim- 
inated. C. W. Arrowood. Tex- 
tile World 98, 106-7 (Aug. 1948). 


An analysis of defects in knitted 
seamless hose with suggestions for 
overcoming the faults. 


Text. Research J. Nov. 1948 A. L. Landau 


Spinning of Jute 


Strengths of different qualities of 
jute spun to different grists in re- 
lation to twist factors. B. K. 
Chakrabarti. Indian Text. J. 58, 
725-32, 753 (May 1948). 

A discussion is presented of the 

theory of the relationship between 

twist, twist angle, and yarn di- 

ameter, and of the effect of twist on 

strength. Experimental results on 

a number of jute yarns of different 

qualities and counts show in general 
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that a comparatively higher twig; 
factor is necessary to spin a jute of 
superior quality than to spin one 
of low quality, the average twist 
factor for 10 lb. yarns (hessian weft) 
being about 10.5. The rate of fall 
in strength with twist beyond the 
optimum value is also higher for a 
sample of superior quality. A com- 
paratively higher twist factor ap. 
pears necessary to spin a fiber toa 
higher grist or count. R. K. Worner 
Text. Research J. Nov. 1948 


Spinning Short Wool Fibers 


Japanese new spinning frame. 
Anon. Text. J. Australia 23, 303 
(July 21, 1948). 


Brief mention is made of a new wet- 
spinning system capable of manu- 
facturing yarn of 5 or 6 counts from 
wool fibers shorter than 20 mm. in 
length, which would ordinarily go 
into waste. L. A. Fiori 
Text. Research J. Nov. 1948 


Worsted Spinning 


Wright Spinning Co. Anon. Saco- 
Lowell Bull. 20, 1-13 (July 1948). 


The  Saco-Lowell _ straight-line 
worsted process is described in de- 
tail. For raw material it uses 64s 
quality top weighing about 240 
grains/yd. and includes a modified 
cotton lap winder, a newly de- 
veloped drawing frame equipped 
with a balling device for doffing 
instead of cans, a roving frame with 
the Shaw 3-over-4-drafting element, 
a spinning frame capable of spinning 
fibers up to 4} in. in length, and 
winding and twisting machinery. 
A process flow-sheet and organiza- 
tional details are included. 

Text. Research J. Nov. 1948 L. A. Fiori 


New Worsted Spinning 
Process 


New worsted spinning process. 
Anon. Am. Cotton and Wool 
Reptr. 35, 9, 10, 33, 35 (Aug. 26, 
1948). 


Announcing the new worsted spin- 
ning process, an adaptation of the 
cotton spinning machinery. The 
system involves processing worsted 
fiber from the ball to yarn and util- 
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izes two stages of drawing and one 
of roving before spinning. 
designs of subassemblies are ex- 
plained. 


New 


A. L. Landau 
Text. Research J. Nov. 1948 


Spinning Control 


Spinning control cuts labor and 
waste. P. M. Thomas. Textile 
World 98, 121, 188, 189 (Aug. 
1948). 

Description of an automatic control 

to produce uniform spinning doffs. 

Employment of the device is claimed 

to reduce waste yarn both on warp 

and filling. A. L. Landau 

Text. Research J, Nov. 1948 


Mule Spinning 


Large mule cops. N. H. Pomfret. 
Textile Weekly 42, 128, 130 (July 
16, 1948). 

A scheme for running alternate 

spindles resulting in much larger 

mule cops is submitted. By em- 
ploying one mule spinner on a pair 
of mules so altered, the production 
per operator would rise and the 
winding qualities of the yarn would 
improve. Problems caused _prin- 
cipally by the winding on a much 
greater cop diameter and with 
particular emphasis when spinning 
on alternate spindles are discussed. 

L. A. Fiori 
Text. Research J. Nov. 1948 


Ring Spinning 


Conversion, ring frames. Anon. 
Platts Bulletin 6, 40-8 (May-— 
June 1948). 

Technical information dealing with 

modifications in converting old ring- 

spinning frames to yield higher out- 
put and efficiency with no diminu- 
tion of quality of the yarn. Discus- 
sion is confined to 4-roller high 
drafting. Illustrated. L. A. Fiori 
Text. Research J. Nov. 1948 


Mule vs. Ring Spinning 


The future of woolen spinning. 
Anon. Text. J. Australia 23, 
289-90 (July 21, 1948). 

A general account which compares 

the woolen mule and ring-spinning 

frames with respect to costs, pro- 


duction, ease of manipulation, and 
resultant product of each. 
Text. Research J. Nov. 1948 L. A. Fiori 


Spinning Rayon Staple 


Spinning rayon staple on cotton 
spinning machinery.  Berthod 
Kirschner. Textile Recorder 66, 
48-50 (July 1948). 

An account of the salient points to 

be observed in overcoming occa- 

sional difficulties experienced in 
processing rayon staple on cotton 
spinning machinery. L. A. Fiori 

Text. Research J. Nov. 1948 


Continuous Stripper 


Notes on installing and operating 
the continuous stripper. Anon. 
Saco-Lowell Bull. 20, 44-6 (July 
1948). 

Fiber-array diagrams with and with- 

out the continuous stripper are 

shown. 

Text. Research J. Nov. 1948 


Gaiting Jacquard Warps 


Gaiting jacquard warps. W. Mid- 
dlebrook. Textile Manufacturer 
74, 301-2 (July 1948). 

A discussion of methods used in 

drawing in the warp of a single- 

harness Jacquard. Proper adjust- 
ments are given. A. L. Landau 


Text. Research J. Nov. 1948 


MISCELLANEOUS 


* 


Cellulose Derivatives 


A summary of recent developments 
in cellulose and cellulose deriva- 
tives. J. Chem. Education 25, 
94-6, 117 (Feb. 1948). 

Text. Research J. Nov. 1948 


Acetylated Cotton Filler 
for Plastics 


Plasticization of thermoplastics with 
special reference to stability. E. 
E. Halls. Plastics (London) 11, 
594-8, 645-50 (1947) (through 
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Chem. Abstr. 42, 3615h (May 20, 
1948)). 

A review. 

Text. Research J. Nov. 1948 


French-Comb Adjustments 


The French comb—how to adjust it. 
F. A. Lewis. Textile Inds. 112, 
91-3 (Aug. 1948). 

A classification of defects in sliver 

caused by faulty adjustment of the 

French comb. Proper adjustments 

are described. A. L. Landau 

Text. Research J. Nov. 1948 


Body Knitting Equipment 


H. W. 
112, 


Body knitting equipment. 
Anderson. Textile Inds. 
271-2 (July 1948). 

A résumé of the development of 

body knitting machinery. 

Text. Research J. Nov. 1948 


Circular Hosiery Machines 


Circular hosiery machines. \\. E. 
Shinn. Textile Inds. 112, 261, 
263, 265, 267, 269 (July 1948). 

A record of the advancement which 

has taken place in the design of 

circular hosiery machines. 


Text. Research J. Nov. 1948 A. L. Landau 


Knotting 


The new Boyce weaver’s knotter. 
C. R. Smith. Textile Weekly 42, 
72, 74 (July 9, 1948). 

A special knotter for long-staple 

rayon yarns having a rated effi- 

ciency, by actual test, of 99% is 
described and illustrated. 


Text. Research J. Nov. 1948 L. A. Fiori 


Loom Improvements 


Modernizing existing looms by the 
application of new attachments. 
Anon. TextiletRecorder 66, 54, 60 
(Aug. 1948). 

A new let-off motion without weights 

and a novel shuttle-checking device, 

both designed for application to 
existing looms, are discussed and 
illustrated. L. A. Fiori 

Text. Research J. Nov. 1948 









Plasticizers 


Plasticizers for rubbers and resins. 
Palmer B. Stickney and LaVerne 
E. Cheyney. J. Polymer Sct. 3, 
231-45 (Apr. 1948). 

A review in which types of plas- 

ticizer and mechanisms are _ pre- 

sented for linear, slightly cross- 
linked, and highly cross-linked poly- 
mers. E. D. Klug 

Text. Research J. Nov. 1948 


Quality Control 


Statistical methods of quality con- 
trol in textile industry. T. N. 
Ramachandran. Indian Text. J. 
58, 723-4, 711 (May 1948). 

An over-all picture of how statistical 

methods may be used to advantage 

in the control of product quality for 
the different stages of textile manu- 
facture. L. A. Fiori 

Text. Research J. Nov. 1948 


Bobbin- Stripping Machine 


Horsfall bobbin-stripping machine. 
H. Horsfall and Co., Ltd. Tex- 
tile Weekly 42, 122 (July 16, 1948). 


Text. Research J. Nov. 1948 


Roller Clearers 


New textile roller clearers. Anon. 
Textile Weekly 42, 86 (July 9, 1948). 
A new type of roller clearer is intro- 
duced which is covered by spraying 
with a suitable fiber flock. Ad- 
vantages claimed are longer life, 
convenience in cleaning, no seams, 
immunity to cuts, and incisions 
which reseal through high resiliency. 
Text. Research J. Nov. 1948 L. A. Fiori 


Modifying Rosin 


Processes for modifying rosin. J. 
Rinse. J. Polymer Sci. 3, 371-5 
(June 1948). 

A review. Rosin is 

use in paints and varnishes by 

reacting the carboxyl groups to 
form metal salts or esters and by 
decreasing the degree of unsatura- 
tion by hydrogenation; polymeriza- 
tion; oxidation; condensation, as 
with phenolformaldehyde; and com- 
bination with maleic anhydride. 
Esterified resin acids of decreased 


modified for 


unsaturation are useful. Melting 
point data for many rosin deriva- 
tives are given. E. D. Klug 
Text. Research J. Nov. 1948 


Roving, Yardage Device 


Device on slubber controls roving 
yardage. Anon. Textile Inds. 
112, 94 (Aug. 1948). 


Description of a stop motion ap- 
plied to a roving frame for the 
purpose of maintaining the exact 
yardage of roving wound on each 
bobbin. It is claimed that the uni- 
formity of bobbins reduces the waste 
at the spinning frame. 


Text. Research J. Nov. 1948 A. L. Landau 


High-Speed Uptwisting 


New high-speed uptwisting ma- 
chine. Anon. Textile Manufac- 
turer 74, 309-10 (July 1948). 

Description of the special features 

of design of the new English up- 

twister for filament fiber. 
A. L. Landau 

Text. Research J. Nov. 1948 


Textile Auxiliary 
Equipment 


Textile auxiliary equipment. Anon. 
Textile Inds. 112, 295, 297, 298, 
301, 303, 305, 307, 309, 311, 313, 
315, 317, 319, 321-4, 354 (July 
1948). 

A record of progress made with 

respect to the electrization of tex- 

tile mills. Power has changed from 
water to electrical-motor group 
drives and individual motor drives 
using lint-free motors. Multi-mo- 

tor slasher drives have been an im- 

portant improvement in the mill. 

Drives for finishing ranges have 

made possible accurate control of 

the process. Power-line controls 
have been redesigned for safety and 
long life. Artificial lighting has 
improved greatly. A. L. Landau 
Text. Research J. Nov. 1948 


Applied Research 


Applied research in the textile 
industry. D.H. Powers. Chem. 
and Eng. News 26, 1442-3 (May 
1948). 


. Five problems which arose during 


the past war are discussed: mildew- 
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proof, fireproof, and weather-re. 
sistant duck; water-repellent and 
wind-resistant clothing; shrinkproof 
woolens; wear-resistant work cioth- 
ing; and crush-resistant fabrics, 
Factors affecting progress in solving 
these problems are discussed. 

Text. Research J. Nov. 1948 R. W. Kyler 


Applications of Wool 
Research 


Some practical application of recent 
wool research. J. B. Speakman. 
Tids. Textilteknik. 6, 21-7 (1948) 
(through Chem. Abstr. 42, 3966d 
(June 10, 1948)). 


A review of recent research with 
respect to practical application, 
comprising utilization of molecular 
orientation for elastic and other 
properties of textile fibers, use of 
Ca alginate rayon in the manufac- 
ture of lightweight all-wool fabrics, 
proper stretching and setting of 
wool fibers on the basis of their 
molecular structure, means for modi- 
fying the elastic properties and sur- 
face structure of the fibers; i.e. 
their shrinkability, increase of felt- 
ing power by softening tip ends and 
hardening root ends of the fibers, 
making wool unshrinkable, and im- 
proving its resistance to wear by 
deposition of polymers on or in the 
fibers. 28 references. 

Text, Research J. Nov. 1948 


Technical Reports 


Making technical reports under- 
standable. Dwight E.Gray. J. 
Chem. Education 25, 226-8 (Apr. 
1948). 


Suggestions for making reports read- 
able and understandable include: 
(1) an initial period of sitting and 
“thinking the report through”’ dur- 
ing which the author asks himself 
and answers pertinent questions 
relating to the purpose and scope of 
the report, the kind of reader and 
amount of background he will need, 
and order of presentation; (2) use of 
straightforward, simply constructed 
sentences phrased in plain English; 
and (3) adequate review by persons 
other than the author to insure 
against discontinuities in the argu- 
ment. R. K. Worner 
Text. Research J. Nov. 1948 





